
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



OBSERVATIONS 



t:- 



ON THE 

VARIOUS SYSTEMS 

OP 

CANAL NAVIGATION, 

WITH 

INFERENCES PRACTICAL AND MATHEMATICAL ; 

IN WHICH 

!Mr. FULTON'S PLAN 

OF 

WHEEL - BOATS, 

AND THE UTILITY OF SUBTERRANEOUS AND OF SMALL CANALS 
ARE PARTICULARLY INVESTIGATED, 

INCLUDING AN ACCOUNT OF THK 

CANALS AND INCLINED PLANES OF CHINA. 
WITH FOUR PLATES. 



BT WILLIAM CHAPMAN, 

MEMBER OF THE SOCIETY OF CIVIL ENGINEERS IN LONDON, AND M. R. I. A. 



LONDON: 

PUBLISHED BY I. AND )• TAYLOR, AT THE ARCHITECTURAL LfSRARY, 

HIGH HOLBORN. 

1797, 



TO 

HIS GRACE 

FRANCIS DUKE of BRIDGEWATER, 

THESE OBSERVATIONS ARE INSCRIBED, 

AS A MARK OF THE 

AUTHOR'S VENERATION 

FOR THE 

DIGNIFIED CHARACTER, 

TO WHOSE GREAT EXAMPLE 

THE CANALS OF TJ^ISE KINGDOMS 

OWE THEIR ORIGIN : 

7R0M WHICH HAVE RESULTED 

MUCH OP 

THE COMMERCIAL AND POLITICAL IMPORTANCE 

OF THIS 

EMPIRE. 



NewdtfiU-ufoH'fynei 1797. 



C O N T E N T S. 

CHAP. L 

Page- 

forrRODUCTION — and Defcription of various Means of overcoming 

Aicent in Canals and Rivers - - - • i 

CHAP. II. 
On the corapaiative Expence of forming narrow Canals with Inclined Planes^ 
and wide Canals with Locks; dating alfo their refpcdive Advantages, 
and comparing the Confumption of Water by Mr. Fulton's Plan, with 
what is rcquifite for Locksr -• - -» - 14. 

CHAP. III. 

Cafes where the fmall Syftem of Navigation is eligible — and fome Propofals 

for its Improvement -- — - - - 25 

CHAP. IV. 

On the Meucentre or Axis of Motion of Veflcls of a uniform Figure 
throughout their Length, (hewing, by feveral Theoretic Inftances, to 
what Height fuch Boats may £ifely carry their Cargoes— -Alfo, on the 
Means of combining the Navigation of fmall and great Canals - 34 

CHAP. V. 
On the Application of Wheel-Boats and Inclined Planes to Collieries, and 

Inftances in which that Syftem may be improved — - - 50 

CHAP. VL. 

On^the Application of Inclined Planes to the Great Rivers of America, or of 
the Continent of Europe^ tvith Obfervations on the Navigation of Great 
Rivers and Lakes - • - - - 60 

CHAR VIL 
Account of, and Remarks on the Chinefe Navigations and Inclined Planes 69 

CHAP. VIIL 
General Obfervations and Conclufion «» .. «. - 95 

CHAP. IX. 
Appendix -i •«..•.-»- 101 



ERRATA. 

THE Audior^s refidence being at a confidcrable diftance from the Prefs, he begs 
indulgence for the following Corre&ions and Additions : 

Page 3 line 6, from the bottom, for u read ans. 

The Note in this Page was written before Sir G. Staunton's ,a6count of the Embafly to 
China was publiihed ; and as there is no mention in that work of the Chincfe ufing cradles 
with their inclined planes, that idea muft of courfe be relinquifhed. 
Page 4> lall line, tome i- read tome 4. 
5 13, fof other read ufper. 

5, addition to the Note. In the inclined plane at Ketley, the general inclinatioB, as 
I was informed by Mr. Reynolds, is nearly 22^, and at the extremities 1 1^^ : beiides 4¥hic]i, ' 
the declivity of the boat was further reduced by a difference in the diameters of the wheels^ 
and alfo by the frame being raifed higher above the axle-tree at the defcending end. 
Page 9 line 15, for ^ trough read a trough. 

zS II, for btcaufe the read becaufe of the. , 

31 9» for as to read as confiderwhf to. 

32 10, for 4us£s read axis. 

^6 6, in the middle column, for pofition x^Adeftb* 

38 1 o, for giving read given. 

39 9, for / k read e i. 

49 OtfoirefiingponverttdArefifiingfotwer. 

57 18, from bottom, fory^^itfff read^riMT/. 

62 6, from bottom, fox /now readjnows. 

6j 9, for article read 'vehicle. 

73 12, from bottom, for tracked vt^A, tracked againft. 

76 1 5 , for given read giving ; and line 2 1 , for other read over* 

To thefe might be added, feveral fmall typographic errors^ which being fofficlently 9bo2^ 
xent for the reader to corre^, are omitted. 
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CHAP. I. 

IntroduSttm. — Dercripiion of various Means of overcoming Afctfit and 
Defcent in Canals and Rivers, 

Several ages probably clapfcd before the neccflities of mankind caufcd 
the introduftion of highways and bridges j thefc would be adequate to every 
purpofe, long after they united into nations, and became ftationary in their 
refidence; as they would fix themfelves in fuch places where their wants 
could eafily be fupplied, or where navigable rivers would afford the 
means of exchanging the produce of their induftry. But, when increafe of 
numbers induced them to fetde in lefs favorable fituations, and called forth 
their bodily and mental exertions; the neceffity of reducing the vaft charge 
of diftant conveyance of heavy articles, would point out the eligibility, and 
eventually the means, of obtaining water carriage, in many places where 
rivers had not admitted it. Thus Canals began their exiftence, at remote 
periods, in the populous countries of China and Egypt -, and were adopted 
by the Romans in many parts of their extended empire, and were introduced 
by them, into this ifland, in the fenny country eaft of the river Trent. 
Thofe Canals wcre> neceflarily, on long continued levels -, and the com- 
munications, either between th^m or to navigable rivers, required land 
carriage. This inconvenience, during the courfe of numerous ages, could 
not fail attrafting the attention of ingenious men ; and, accordingly, they 
devifcd various means of overcoming afcent, both in Rivers and Canals. 
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I 

It, confequcntl7> is an objcft of importance, to record all fuch pro- 
grcflivc improvements as have come to the knowlege of any individual j 
and to inveftigate every new propofition -, as, by a fair difcuffion, many 
plans may be introduced to the extent they merit, which might otherwife 
lie dormant through prejudice, or the caution requifite in all great under- 
takings : and, on the other hand, it may prevent enthufiafm for plaulible 
fyftems from mifleading, and carrymg away^ their followers beyond what 
may be ufcful. 

No fyftem can ever be fo pcrfeft, as to be unbounded in the propriety 
of applicarion ; and, therefore, the mode of overcoming afcent and defcent 
by Locks, which is, undoubtedly, a noble invention, and almoft generally" 
lafeful, is not without its limits,^ as to utility. Having conceded this pointy. 
which every impartial man muft do j I feel myfclf more at liberty to- 
controvert the opinion thrown out by Mr. Fulton, in his Treatife on the 
Improvement of Canals, that Locks will in future be found to be incligi- 
Jb>lc i n all cafes ; and be ftiperfedcd by (bmc fyftem fimilar to what he has 
laid down. 



His plan poflefTes much ingenuity ; but, like others, is neceflarily H- 
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.•>./w^ /a, ^v,>vAvvy fliited in die propriety of its application : and the extent of thofe limits is^ ^i,^/^. 
.yy '" ' what I (hall endeavour to explain. ^/ ^ ^ 

^it cci.c< .. ...,,. ^^.^ Thofe who adopt any favorite fyftem on praftical fubjeds, without the 

%-*►>/* r-", , J A. Oif<f.' aid of cxperiencVto guide riicm, are liable to be carried away by the warmth 

'^ of their ims^nation $ and are led to apprehend they have attained a fome- 

«.ty^ ^w V.,,.. '^' ^ thing of univerfal application : To this alone I can attribute Mr. Fulton's 

„. /.-,.//. .. '^^/ii/./ reprobation of Locks, fo ufeful for facilitating internal Navigation, and 

;\ . . ... /.,:. .^ which the experience of three * centuries has barely brought to perfeftion. 

„ Previoufly to the commencement of this period, and dowa to the prefent 

e X^. 

/i/vrc. ci- art/<. .'./-'. • The firft Lock waa foppofed to be crcdcd in the year 1488, upon the Brenta nigh 

Padoa. Immediately{afterwards the two Canals of Milan^ between which there was nearly 
^7*/. A « c «^ • ' ' ^ 54feet fkU, were joined by means of 6 Locks. Traite dn Canaux de N^yvigatim, far M. dt 
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^titnc, the communication between different levels interrupted by fall of 
ground, by catarafts, or by rapids imprafticable to haul boats ujp, or by 
intervening high land, has been cfFedtcd various ways. 

ift. By portage of the articles from one level to another, and carriage 
of the boat itfelfi as is praftifed in various parts of North America j for 
inftancc, at the falls of the Mohawk, the portage from that river to Wood 
Creek, and the falls of the Onandaga ; and even in our own ifland at the 
Ifthmus of Tarbe tin the Mull of Canty re. This mode is alfo praftifed 
between Tarbet on Loch Lomond, and Arrachar at the head of Loch 
Long ; at the Tarbet of Jura, and at all the other Tarbets in the Ifles and 
Highlands : the word Tarbet is derived from two Celtic words, implying 
the drawing or hauling of a boat ; it denotes a low narrow neck of land 
between two feparate waters, or two arms of the fame fea or lake. 

ad. By hauling the empty boats up the rapids when difchargcd of their 
cargoes ; and conveying the latter by land. 

3d. By making the rapids thcmfclves navigable by contradlion -, and, 
where neceflary, affixing machinery to haul up the boats. 

4th. By flopping the water of a river for a time, and letting it ofF t# 
occafion an artificial flood ; as is yet praftifed on the Cam and other riverc 

5th. By Fonts aux Rouleaux, or inclined planes, with rollers at fhoK 
diftances, over which, by means of a water wheel, the boats are hove up 
to the ridge feparating the two waters (viz. a little above the level of the 
highefl), andlhl launched^ or regularly let down, to the pool or level they 
are proceeding to. The boats in this method could not be very long, be* 
caufe, although) in afcending or defcending the inctined planey they might 
bear upon many rollers , yet, in the change of pofition from the regular 
line of afcen^ they muft obvioufly bear upon one roller, and be liable to 
ftrain f. • 

Ift- 

* The Tame bconvemence nuft attend the Chinefe method, whkh, of IaCe» h faid in 
feme inftanccs to differ only by the intervention of a cradk between the boat and the ra^ 

A a Ien« 
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In an inbnymous ♦ Trcatifc, publilhcd in Paris in the year 1693, thif 
in6de by rollers is particularly dcfcribcd, and iaid to have been pra&ifed 
for fome time in Holland, with much fuccefs i and that there was a con« 
ftruAion of that kind in the Canal between Amfterdam and Sardam. \ 

6th. The method recommended by Mr. Leach, land furveyor (in his 
Treatife on Inland Navigation), who lays claim to the invention (in the 
year 1774), of connecting long continued levels, by inclined planes, which 
he propofes to be double parallel planes ; and furni(hed with rollers, on which 
caiflbns capable of containing water of fuperior weight to a loaded boat were 
to move alternately up and down. The boats at the bottom level were to 
float over thefe caiflbns, which, in their paflage up or down the planes with 
the boats upon them, were to be full or empty as the circumftance might 
require. 

The top of this caiflbn is horizontal,- and furniflied with rollers, fo that 
when it arrives at the ridge, or fummit of the inclined plane, penning up 
the higher water, the boat may from thence be launched into the upper 
Canal. 

7th. The lyftem lately introduced into this kingdom by Mr. William 
Reynolds of Ketley, viz. that of connedting, as in the preceding inftance, 
different levels of Canals, of great intervening height, by means of an in- 
clined plane, >vith two parallel rail-ways ; up and down which, by the aid 
of a rope pafling over a wheel at the head of the plane, boats of 8 tons 
burthen alternately pafs upon carriages, over which they are floated at each 
extremity of the fall. The loaded boat (the trade being dcfccnding) 
draws up a light boat, or occafionally a half laden one. The flrft of 
thefe works was at Ketley in Shrbpfliire. The carriage downwards was 
principally coals, and about four hundred tons daily. 

len. According to Magelhaent (as quoted by Belidor, Architect. Hydraul. t. 4. p. 355 i^ 356) 
the Chtnefe method was to haal the vefiels by the power of capftans, or by the immediate 
effort of 4 or 500 men^ op contracted channels where tJie water ran with great rapidity> 
and was confined by mafonry. He alfo defcribes the dry inclined planes for fmaller boats. 

* Trait 9 du Mgjfoii ^. remilr$ Its Rwitres na*vi^Ue% This mode i$ alfo mentioned in. 
, fididor, ArchilcQ. Hydraul^ tom^ .1. 

The 
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The boats were rectangular boxes of 20 feet in kngth^ 6 leet width, and 
nearly 4 feet height ; and one horfe drew fifteen of them, conneded to each 
other by a few links of chain. 

The chief difficulty in going frooi a higher to a lower level, without 
wafte of water, lay in paffing the ridge, or dann, which retains the water 
at the end of the upper level. Thii he overcame two ways. 

In the firft method, which he carried into efiedb about feven years iince> 
he avoided the afcent from the upper level to the ridge holding up the 
water, by the means of two parallel Locks at the head of the inclined plane ; 
into one of which the laden boat floated on its carriage i and the light boat> 
when afcended into the other, was by the admiflSon of water floated off. 
The water confumcd in thcfc Locks was let into a fide refervoir, and in 
dry feafons pumped back by a fteam engine to the other level. Mr. Rey- 
nolds has great merit in the invention of this method. 

# 

The fccond method, as pradlifed, at the inclined plane below the iron 
bridge at Brofdey, in Shropftiire, differs fron^i the former in haying no 
Locks, and the boats being drawn upon the ridge by a fleam engine j 
which a]fo occafionally draws up the light boats, without waitbg for the 
laden ones. Thp boats, as in, the other, are floated upon four-wheeled 
carriages *, which afcend and defcend alternately. 

The merit of this invention, or, at leaft, the firft introducing it into 
pradtice (which was I believe totally unknown to Mr. Reynolds) is due to 
the late Mr. Davis Dukart, an Engineer in the Sardinian fervice, who 
fettled in Ireland, and became engaged in the. Tyrone collieries. Thefc 
collieries are lefs than a mile North of Dftngannon, and about three miles 
from the colliery bafon, at the head of a Canal afcending by eight Locks 

* A leading feature of diflereflce ofeffcGt between thefe two xnetbods, is« tJiat the former is 
applicable to fleeper defcents and longer boats ; becaufe the frame of the carriage may at its 
defcending end be elevated from the inclined plane to any extent ; which if done fo coiifi- 
derably, in the latter method, would dip the oppofite end of the boat in coming in or 
going cot of the upper Canal. 

firom 
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frem the river Blackwater, near its junftion with Lough Ncagh. The rife ^ 
from the bafbn to the colliery, was little fhort of 2CO feet ; and after at- 
tempting, very improperly for the particular inftance, to conquer this great 
afcent in that (hort fpace, by continuing the Lock Navigation ; and findi:ig 
the fums g^;anted by Government for that purpofe inadequate to the dc- 
fign ; he turned his attention to fmall boats, and ihclined planes, of which 
he conftruded three, conneded by narrow Canals. The falls were feventy, 
fixty, and fifty-five feet, which laft terminated about 15 feet above the 
colliery bafon ; from which by a (hort railway, his boats^ again floating 
over a carriage, were drawn onwards to the wharf, where the railway was 
fupported on geers, or fi-ames, and the boats were turned over to difchargc 
their cargoes. They were calculated to carry, each, a ton of the meafure 
the coals were fold by, viz. (about 27 cwt.) which they did at lefs than 18 
inches draught, fo that his Canal might be every where fordable ; and» 
accordingly, no bridges were ercfted on it. 

The boats were flat bottomed, and upright at the fides and ends : their 
width was 4-| feet, their height 2 fetrt 6 inches, and 10 feet ftraight fide : 
one end was fquare, and the other pointed, fo as to form a right angle at 
the item ; and they went, as in all fimilar cafes, a number of them chained 
aft:er each other. 

His firft attempt diflTercd firom the '' Fonts aux Rouleaux" in no other 
refpeft than having a double paflage down his inclined plaijes 5 fo that, 
by means of a rope leading over a wheel, his loaded boats drew up his 
light ones :— but finding various iriconveniences fix)m fome of the rollers 
not turning, and from the individual inequality of the diameters of others 
throwing his boats to one fide, as well as fi-om other caufes ; he fuggefted 
and put in ufe, the method now pradtifed on the banks of the Severn, of 
having a cradle or frame with four wheels, brought under his boats ; upon 
which, over a double railway, they altematfcly afcendcd; the fole difference 
between the two methods being in the fize of his boats ; and that, in place 
of a fteam engine, he made ufe of a borfc gin to draw his boats upon the 
ddge terminating the upper levcL 

This 
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This work was executed a little prior to the year 17771 b^^ excepting 
in paffijig^ few boats by way of trial, nothing more was done, as Mr. 
•Dukart could not obtain money to complete fbme of the intervening leyels, 
and died foon after the time mentioned. The works were then entirely 
laid afide ; and, a few years fince, a common rail road, cutting off a con* 
fiderable portion of the diftance, has with propriety been adopted in their 
dead. « 



8th. The method fuggeftcd by the Earl of Stanhope in 1793, viz. the 
connefting different levels of Canal by iron rail-roads of a gradual and caiy 
afcent -, up and down which fmall boats were to pais fufpended between a 
pair of wheels of about 6 feet diameter. 

9th. The following invention, which is likewifc afcribed to hb Lord/hrp, 
viz. the paffing of boats, up or down an inclined plane, on rollers moving 
with the boats for half their length, in which fpace the boats would pafs over 
them. The rollers are then to retirt*n to their places f by means of weights 
afting over pulleys, and conne&ed by a chain to the ends of each roller. 
"This method, undoubtedly, would be attended with confiderable expencc 
in the execution; but has the merit of getting qirit of the friction of rollers 
moving on gudgeons. It muft however poffcfs the other inconveniences of 
the " Fonts aux Rouleaux." The moft material of thefe are that the 
boats muft reft on a fingle roller in the convex part of the road ; unlefs all 
convexity be avoided by having a lock at the head of the inclined plane ^ 
in which cafe the afcent muft be very gentle or the boat be fhort, or hi^ 
at the ends, to enable her to float from her reclined pofition. If the way 
be very fteep, a frame for the boat to reft on, ai^ raifed at the lower end, 
would be requifite. 

A. method of ufing moving rollers attached to fuch a frame has been fug^ 
gefted by Mr. Fulton. He propofes to conned them, by the gudgeons at 
their ends paffing through an endlefs chain, or cc^ar,. and thus recuming; 
the rollers over the fhime, but under the boat«^ 
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By the former method, the frame, or boat, muft frequently reft only on 
two rollers ; but in this they may be as clofe to each other as requifite : and 
by having in place of one fct, a fet of rollers on each fide, this method 
f with a regular declivity of plane and locks at the head of it) is capable of 
being carried into cfi^edt for boats of any magnitude fuitable for pafling on 
inclined planes. 

loth. The method publifhed by Dr. Anderfon of Edinburgh, in ^' The 
General View of the Agriculture and Rural CEconomy of the County of 
Aberdeen, for the year 1794." 

The Doftor, there, obfcrves that, for all the purpofes of connmerce, no 
more width of boat is requifite than four feet ; or more than two or three 
feet depth j and that the length might be indefinite fo as not to be incon- 
venient for afcending and dcfcending between any two levels of Canal ; 
which he propofes to be done in the following manner, viz. that the 
lower level be run up to nearly under the end of the upper, and terminate 
by an upright end, and two fide walls of mafonry, to the full height of the 
fall ; with a pier in the middle, dividing the paflage between the two fide 
walls, into two openings of rather greater width than the boat : the two 
ends of this pier are to be elevated fo as to fuftain the axis of a wheel of a 
diameter equal to the width of the pier, and half of each opening. A 
chain pafling over the wheel, fufpends, from each end, a reftangular cafe 
fo hung that when one fliall be at the bottom ready for a boat to float 
intO} the other (hall be at the top, and clofe preflTed to the wall or frame at 
the end of the Canal, fo as to prevent the efcape of water: then, by open* 
ing a ftop-gate at the end of either Canal, and another at the correfponding 
end of the cafe, it is obvious that the boat may float in or out. The lower 
boat arid cafe (or cafe with water only) are then in a kind of Lock, juft 
containing the cafe, and of fufficient depth to permit it to defcend^o the 
level of the lower Canal. From this Lock there is a conduit to keep the 
water down below the Canal bottom. 

Thefc are the outlines of the invention ; which, where the connexion 
^^ between the two levels b a precipice, or fo ftccp as to require only a fhort 

tunnel 
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tunnel to the well, or pit, up or down which the boats are to move, may, 
on receiving fuch improvements as it is capable of, be eafily carried into 
cStSt for fmall boats ; for which alone the author propofes it. 

It is obvious that, under other circumftances as to fituation, the cx- 
penres of high embankments above, of deep finking below, and of 
bringing up the conduit to lay dry the lower locks, muft more than coun- 
'terbalance any advantage that can be derived from it. 

nth. Meflrs. Rowland and Pickering's plan of enabling great boats to 
afcend and defcend with inconfiderable wafte of water. This confifts in 
having, at the head of the lower level of Canal, a pit funk as much below: 
the bottom of it, as the difference of height between the two fevcls, added 
to the depth of a covered caiffon of requifite magnitude. This caifibn, 
when immerfed in the water, with w^hich the pit is filled tq the level of the 
bottom of the Canal, is to fupport, . on wooden or iron pillars of height 
equal to the fall between the two levels, or trough or cradle, with gates or 
draw doors at each end ; containing a fufficient depth of water, to which 
the floating power of the caiffon muft then be in equilibrio; and, confe- 
quently, capable of moving with eafe between the top and bottom of the 
pit. ' 

When the furface of the water of the cradle is level with cither of the 
Canals, and the end of it clofed againft the framing of the gate of the 
Canal, by fcrews, or other means ; and the water let in to fill the vacancy 
between the gate of the cradle and that of the Canal, they both may then 
be opened, and a boat be admitted, or pafs out. 

Excepting what may, if neceflary, be ufed for regulating the equipoife 
and change of motion ; the intermediate water between the gate of each 
level and that of the cradle, is all that is confumed j and with draw doors to 
the cradle and ,fing'^ g^^^s to each level, as already premifed, the quantity 
muft be very trivial. The weight of water difplaced by the bulk of the 
pillars fuftaining the cradle, need not be material j and, where requifite, it 
is propofcd to be counterbalanced by weights afling on a fpiral wheel. 

B This 
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This plan> which poffefles ingenuity, and is applicable in many infhmces, 
is now carried into execution'on the EUefmere Canai^ near Ruabon in Dcn- 
bighfliire ; on a fell of 12 feet, and for boats of 70 feet length, and feren 
feet width ; and the whole is moved up and down by a rack and pinion to- 
wards each end of the machine, 

Meffrs. Rowland and Pickering^s invention alfo extends to another prin- 
ciple ; that of counterbalancing the cradle containing the boat by weight ; 
which, if carried to the perfeftion it is capable of, will in high falls have de- 
cided advantages. 

1 2th. Mr. Weldon's CaiffonLock, or Diving Cheft, in which boats with 
their cargoes are to defcend, to a confiderable depth, down a pit or well ; 
and afterwards pais by a tunnel into a lower Canal : and to afcend in a 
fimilar manner. 

This method is now carrying into effeft on the Somcrfetfliire Coal Ca- 
nal at MonAon Comb near Bath, on a fall of about 45 feet, and for boats 
of 72 feet length, and feven feet width* 

The caiflbn, or cheft, is cylindric ; and, in this inftance, of fiifEcient 
ftrength to bear the preflure of a column of water 54 feet, or upwards i ta 
which it is fubjcfted, when oppofite the lower level, on account of the ne- 
ccffity of its being covered when oppofcd to the entrance of the upper leveL 
It Is fo balanced that when it has fuj9icient water within it to float a boat, it 
is of the fame fpecific gravity as the medium it floats in : and, like an air 
balloon, it afcends or defcends by a flight increafe, or diminution of its re- 
lative gravity; which, in this.machine,^ is done by raifingout, or admitting 
an inconfiderable quantity of waten The pit, in which the diving cheft 
moves, has, oppofite each level of Canal, a tunnel or opening clofed with 
gates i and is fo much higher than the upper Canal as to contain a height 
of water juft fufficient, as already mentioned, to cover the caiflbn when 
oppofite the upper level. In this, or in its lower pofition, when run clofe 
to, and abutting againft, the entrance, it is retained by the water being let 
out of the fliort part of the tunnel between the gates of the level, and the 

end 
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end of the caiflbn. It is then held there by the prefTurc of the column of 
water intervening between the furface of the pit and that of the Canal to 
which it is oppofed. The gates >3f the level and Canal are then opened, 
and the boat goes in or out; and, on the gates being again dofed, and the 
water let into the vacancy, the diving chcft is ready to proceed to the 
other level. 

This fcheme pofleffes much originality, and may ofcen be ufcfully ap-' 
plied. It and the preceding one are fecured to their refpeftive inventors 
by patents -, therefore I fhall refrain from giving my fcntiments on the fe* 
parate advantages of each, and from pointing out the inftances in which 
either might have the preference of the other. In general, all meth6ds of 
afcending and dcfccnding which fave water, where the want of it for other 
purpofes, whether for giving motion to machinery, or the irrigation of 
land, would be greater than the advantage the navigation wouljl obtain by 
the ufe of it, muft clearly be fo far beneficial to the community. 

13th. The laft method * introduced to the public, is the one which has 
principally occafioned this Eflay, viz. Mr. Fulton's wheel boats ; which, 
when applied to inclined plane$, he looks upon as paramount to all other 
modes. The novelty of this method confifts principally in having f wheels 
affixed to, or underneath, his boats j and in the dcfccnding and afcending 
boats each keeping their proper tracks and not moving alternately in 
oppofite direftions, as in the method praftifed at Dungannon and *€oai- 
brook Dale, and as recommended by Mr. Leach and Dr. Anderfon. His 
boats, he obferves, may be of a reftangular form, and from 2 to 4 J feet 
wide. Thofe of the latter width which he particularly defcribes, he rre- 
commends to be 20 feet Ibng, and 2 feet 10 inches deepi and propofcs 

* A Treatife on the Improvement of Canal Navigation, exhibiting the nnmeroos advan* 
Uges to be derived from (mail Canals. 410, with 17 plates, 179^« 

f The/ are more properly trucks, viz. wheels between whofe diameter, and that of their 
axis, there is little diiparity, and confequently their fridion great ; as alfo is their inabili^ 
to furmount any cafual obflacle. 

I In theiitle page he iays 2 to 5 feet, 
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Acm to carry four tons each. He fays they may be " compofcd of 3 inch 
<< deaU bolted and fcrewed in the ufual mode» and ftajicd at the corners^ 
" with two knees or ribs in(ide> exadly above the wheels, and about 5 
" feet from the ends, which will leave 10 feet in the centi:c,"-cw Under flic 
boat's bottom, he propofes two pair of wheels of from 6 to 10 inches dia- 
meter; the axle and pair of wheels to be of one piece, and turn on brafs 
or iron collars. Each pair of wheels are to tread only two feet, fo as to be 
perfedly clear of the fides of the Canal: and, to prevent any impediment 
from their axle-trees, they are to be cafcd over with thin plank, forming " 
a falfe bottom from one axis to the other. A boat fuch as defcribed will 
(exclufive of the frame under the bottom, which I (hall admit to float the 
wheels) be equal to a folid mafs of fir timber of the length and width of 
the boat, and 8 inches in depth j and, allowing for the iron work, will 
draw at leaft 6 inches when light, exclufive of the wheels -, and with 4 tons 
bare weight (allowing in round numbers 36 cubic feet of water to be a ton) 
will draw 2 feet ji inches. 

Thefe boats then with wheels fix inches below their bottoms, will draw "^ 
2 feet 9 inches water : and as there fhould always be 2 or 3 inches to fpare, 
their draught will be too great for * fords ; therefore bridges cannot be 
difpenfed with. He propofes, very properly, that the canal fhould be 
every where wide enough for boats to pafs each other j which, of courfe, 
will be 3 or 4 feet more than their joint width of bottom j as, otherwife, 
the fides of the Canal would be cut down by their fharp angles 1 whichj 
even then, cannot be efie£tually avoided. 

• The fords fiionid be all paved ; and if the boau in going aver them ihoald touch, their 
wheels would help them on ; but it would not be advifeable, as one horfe Ihould draw feve* 
lal boats, to fubmit to that inconvenience. • 

A fix-inch wheel I look upon as of ar too fmall a diameter ; but as, by fpiidng a piece 
flf board immediately over the wheels, they may be let nearly or quite through the bottom, 
and a larger diameter be admitted ; I £udi only add 6 inches below the bottom, which 
fp^ct it requifite to prevent the neceflary curveture of the extremities of the railway touch* 
ing the boat. 

The 
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The depth below the water line cannotj with propriety^ be lefi than 
3 feet 6 inches^ to make proper allowance for filling up : and 9 feet width 
of bottonij is the lead it can be» to admit of the free paflage of thefe up- 
right fided boats. 

Thefe diniehfions are below what Mn Fulton has informed me he 
propofed : and I have purpofely afiumed them to (hew that the comparilbn^ 
in the next chapter^ is not calculated to depreciate the fyftem he has 
brought forward. 
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CHAP. II. 

On the comparative Expence of forming narrow Canals with inclined 
Planes, and wide Canals with Locks \ Jlating alfo their reJpeStive 
Advantages, end comparing the Confumption of Water by Mr. 
Fulton's Plan, with what is requiftefor hocks. 

As the great difparity of expence is a leadiog argument, with Mr. Fulton, 
againft the Lock Syftem of Navigation ; I fhall, before I proceed, fhew 
how far that fyftem ought to be followed, or rejcdlt^d, for the one he has 
recommended; and endeavour to prove, that in general inftances, the 
difparity of expence is not nearly fo great as he has dated. For this pur- 
pofe, I will compare his plan with a navigation for 50 to 60 ton boats, of 
60 or 70 feet length, 14 feet width, and 4 feet 6 or 4 feet 9 inches draught 
of water ; a fuitablc Canal for which would be. of 24 feet width of bottom, 
and 6 feet depth of water j which would afford room, every where, for 
two boats to pals, as their feftion would not be angular, but curved. The 
diagrams i, 2, 3, 4, and i, 5, 6, 7, figure I. flate I. (admhting the 
flopes to be what they moft generally are, viz. 18 inches bafe for every 
foot in height), will (hew the profile of each Canal, at what is termed 
level cutting, viz. where the level of the ground is equal to the furface of 
the water. 

The fecond comparative diagrams, viz. a, b, r, 2, 3, d, e, /, and 
a, by c, 5, 6, gy by k, fhew what they will be at 5 feet extraordinary 
finking j allowing, at 2 feet above the water, 9 feet offset on the towing 
path fide 5 and a berm o^ 3 feet on the other, to prevent earth tumbling 
into the Canal. The diagrams 8, 9 and 8, 10 in the fame figure, fhew 
. I o fcpt^ c xtra finkiqg. 

Thcfe diagrams will be more or lefs near the truth, according to the 
tenacity of the foil, and other circumftanccs 1 but I have taken them at 

the 
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the general run of the foils of the navigations of this country ; which, al- 
though when firft cut, they will (land fteepcr, will generally crumble down 
to 1 6 or 1 8 inches bafe, to a foot in heightj at which flope, loofe foil will 
Hand when not agitated by water. 

The liicceeding comparative diagrams, in figure 2, flate I, fhew the 
embankments of one fide of each Canal, where the furface of the ground is 
Q.\ feet, 6 feet, and 10 feet under the furface of the water. The line a b 
is the middle of the fmall canal, and d e that of the greater, allowing them 
to continue of the fame width as where their channels have to be excavated. 
They are generally wider in embankment, particularly in thofe of fmall 
height i which, fo far, would operate againft the fmall canals* 

Thefe (even pofitions of comparifon are what will commonly occur, ex- 
clufive of greater difficulties (which will ftill more equalize the fyftems) 
and for that caufe I have affumed them* 

At a given diftancc from the fummits of mountains towards the low 
grounds of the valleys, a regular traft may be found, where, without much 
curvature, a line of level cutting may be uninterruptedly carried. 

The falls, in thefe countries, arc confequently great i and minerals the 
almoft folc articles of carriage. 

The fides of the mountains are alfo frequently too fteep, and the foil too 
fliallow, to admit of wide Canals without great expence 5 therefore, under 
thefe predicaments, inclined planes and fmall boats are moft eligible : but, 
on the general elevations through which lines of Canal run, the country is 
often croffed tranfverfely to the courfe of the fmaller rivers; and the fur- 
face of the ground ncceflarily undulates ; fo that no continued line of level 
finking can be obtained, without immenfe * circuity, viz. without curving 

* According to Mr. Leach's account (in Page 47^ of the 2d edition of his works) the 
diflance from Bade Haven, in the firiHol Channel, to the navigable part of the Tamer fal- 
ling into the Englifh Channel, is no more than 28 miles in a direct line : but, by the courfe 
neceflary to be taken in the fevenil intervening valleys in order to prcfcrvc the level, the 
line was extended to upw&ids of 80 miles» 

to 
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fQ the brow of «very fwelling point of land, and returning up^ every valC, 
until the proper level be regained ; which, in itfelf, is fo obvioufly abfiird, 
that no fiirthtrr rcafoning is requifite to fhew the neccflity of frequently in- 
curring a fluftuacion of more than lo feet above and below the line. I 
Ipeak not of the vales of great rivers, which I allow may be p ifled by in- 
clined planes, dcfcending to the valley and rifing on the oppolte fide : but 
were this to be done on every ravine that is to be paffed, the inconvenience 
would be great indeed : and, therefore, many embankments mud occur far 
beyond what I have ftated i and I fhall now proceed to their comparative 
examination. 



In the firft ftatcment, or level cutting, the comparative 
fcftions and confcqucntly the quantity of earth are. 

At the depth of 5 feet extra finking. 

At 10 feet do. - - - - 

Surface of ground a feet 6 inches under water line, 
Do, ♦ 6 feet do. - ^ - - - 

Do. 10 feet do. - - - - 



} 



4 Ten 


60 Ton 


Canal. 


Canal. 


50 


198 


221 


482 


491 


864 


107 


107 


a87 


287 


577 


583 



From whence it follows, that under the firft predicament of level cutting, 
the quantity of the fmall Canal is fcarcely more than f one fourth of the 
greater : that, in the fecond inftance, it ad/ances to more thun four ninths j 
and, in the third, to nearly four fcvenths -, ftill approaching nearer as the 
cutting becorres deeper. And as the embankment, when even fo trivial 
as 2 feet 6 inches, and thence downwards to above 6 feet, is equal in 



* The banks are eftimated at only 10 feet width each ; and one foot mean height above 
the furface of the water ; and without allowance for fubiidence. 

t If no puddling to keep in the water were requifite the expence would be lefs than a 
quarter ; becaufe the whole might be caft out : but as the puddling (which in the lefTer 
Canal would be twice as coftly as the excavation) would be nearly as the furface of the fides 
and bottom, the difparity would be fo far reduced in what may require puddling, chat tl^e 
general proportion of expence may lUod as the quantity of excavation, or even higher. 

both 
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both Canals ; at lO feet nearly the fame ; and, afterwards, not eflcntialljr 
in fevour of the fmall ones, until the embankments become very high : 
it may fairly be concluded, that in the common run of navigable lines, fuch 
as defcribed, the expence of cutting the Canal for four-ton boats would be 
half that of a Canal for 50 or 60 tons. 

2d. The expence of fencing and gravelling the. track- way will be the 
fame in both. 

3d. The next expence I Jhall confider is the land, the quantity of 
which will be precifely the fame as to the towing paths, the flopes of the 
banks above water, and the outward flope of the embankments ; the Ible 
faving being in the redudtion of the water line : arid taking the average in a 
favourable flatement for the fmall canal, the land required will be three 
fifths of the larger. 

4th. Brooks muft be paffed under the ♦ fmall canal in common with the 
large ones ; and as the expence of the ends of the culverts would be equal 
in both cafes j the only faving, unlefs fome excavation under low embank- 
ments, would be in their difference of length, which, in the higher em* 
bankments, would be only the difference of the width of water, viz. 22^ 
feet; and, under low embankments, where the culvert would require to 
be a^ high as the depth of water in the (hallow Canal would admit, die 
faving in length would be 30 feet, viz. the difference of width of watef 
added to the reduftion of the width of the embankment on the level of the 
culvert. If, in this inftance, the culvert under the deep Canal be either 
fyphon formed, or raifed at the upftrcam end, the difparity of length would 
be lefs J but the difference of excavation in favour of the fmall Canal has 

^ Dr. Andetfon propofes to ikve the expence of moft of the cu]verC4« by brii^inf tkt 
leiTer rivulets into his £aiall Canals, and pafling them ov^r .'paved overflows cjppofite to tl|^ 
inlets ; but this fcheme, beiides inevitably filling his Canal with fand and gravel, would v^ 
great floods render it impaflable, and overflow the regular height of the banks ; and alfo 
would never be agreed to by thofe poflefling mill property on the flream^ intg which thefe 
brooks flow. 

C alfb 
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al(b to be taken ' into account. The faying, upon an average, will be 
nearly one third 5 and, affuming it as fuch, the expencc of culverts under 
the fmall Canal will be two-thirds of what would be required under the 
other. 

5th. The next point of confideration is bridges, which, in common 
with the others, will require towing paths ; and, therefore, ought not to 
be lefs than 10 feet fpan, and muft be of fufficient height to let 'the horfes 
pafs under. A boat of 14 feet beam (viz. 10 feet wider than the fmall 
ones) will require a bridge of 20 or 21. feet fpan. The wing walls, and 
towing paths, will be common to them both ; and the foundation and pa- 
rapets being taken into account, the bridge will, in the ,fmaller inftance, 
average about four- fifths of the greater; but as a reduftion in height will 
diminifli the thicknefs of the walls, the whole expence may come to about 
one half. 

6th. In the general run of countries, fuch as I have defcribed, the fall is 
often fa extremely progreflive that, even where water is in fuch abundance 
as to induce the parties to build double locks wherever the fall ad- 
mits, they are frequently neceffitated to build locks of moderate fall, to 
avoid a long embankment on the one hand, and a continuation of deep 
cutting on the other. Under this predicament, they would be equally con- 
ftrained to have inclined planes of fmall fall, with all the apparatus that 
would be requifite for great ones. The faving, therefore, could riot be 
more than one third 3 but, on an * average, I fuppofe it would be fully one 
half; and under thefc premifes, and the fuppofitionof the fame average of 



* In fituations properly circumftanced for fmall Canals and inclined planes ,of great Bdl, 
I will admit the difparity to be foar to one in ^vour of the former, as to afcent and defcent. 
I gja friendly to the ufe, and only controvert the abufe of the fyftem. 

proportionate 
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proportionate cxpence in pafling valleys, I will now proceed to a fummary 
of the general comparifon. 

Gineral prep^rtion^ 



I ft. Cutting, viz. Sinking and embanking, 

ad. Fencing and gravelling the trackways, 

3d. Land, - 

4th. Culverts, &c. 

5th. Bridges, 

6th. Defcent and afcent. 
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From thefe dedudions * it follows the favings in fuch inftances as I have 
premifcd, will be very confiderably lefs than one half by adopting the Na- 
vigation, defcribed by Mr. Fulton, for four- ton boats, in place of thofe of 
60 tons. I will call the faving two-fifths j and then proceed to examine 
what muft be facrificed for that acquifidon. 

I ft. The carriagfe, in a very confiderable degree, of aU articles that witf 
take damage by being wet f • becaufe the narrow boats of 20 feet length, 

refting 

* In tunnels through hills the (kving would generally be about three-fourths ; but this i9 
not taken into account^ becaufe, where any confiderable portion of a Navigation mnft ht 
fubterraneous, that circumllance will demand fome reduction of width, accordant with the 
extent of it, the difficulty of execution, and the objects of purfuit. - 

t Under this defcription muft be included grain, the chief produce of the land ; the 
eafier difpofal of which forms the general inducement for landed proprietors to encourage 
Canals. From this caufe, and the creation of demand for internal produds of the earth 
that might otherwife lie dormant, and from the conveyance of lime for manure to parts that 
could not otherwife eafily obtain it, the landed intereft receives more benefit from internal 
Navigation than the adventurers who incur the charge of the works, and run the rifque of 
their failure of reafonable fuccefs ; which although dubious to the latter, can never be fo 
to the land-owner ; as, by means of Canals, dillant and un&vourable fitnationi come under 
^ C 2 regubr 



ftfting 6n two tranfvcrfe lines over the wheels, would, with heavy cargoes, 
be very liable to drain, fo as to become leaky : and admitting they had a 
raifed ceiling, which they muft have for the carriage of dry goods, the 
water from the change of pofition of the boat, on afcending and defcending 
the inclined planes, will run to the extremities, and be daftied about fo as 
to damage the goods j unlefs the ceiling were raifed at the ends, fo as 
greatly to reduce the ftowage of the boats. 

2d. When boats, on the diflFerent levelsj^ are committed to the care of 
different men, it will be impoffible to fix under whofe charge the damage 
happened, unlefs it became a rule to examine the boats at every place of 
change of men, which would be attended with too much delay. 

3d. From the lame caufes, and the boats having no decks, it will be 
difficult to prevent pilferage of liquors and fmall articles. 

4th. Whenever the wind blew ftrong, the boats would be Jiable to take 
in water over their gunwales, notwithftanding their tarpaulins, unlefs they 
were battoned and nailed down as in fhips hatchways : and, in every crofs 
reach, the ftring of boats would blow afhore without a man to eyery boat 
to keep them off, which would be far too expenfive. At Ketley, they had 
rails projecting into the Canal, on the convex points, to keep the boats in 
their regular courfe, which enabled them to go forward in moderate wea- 
ther 5 but to navigate, in any ftrength of wind, they would, if even they 
had rails all the way, require the aid of men to enable boats that were going 
oppofite ways to pafs each other. Or, otherwife, they muft track their boats 
with fuch fpeed as to keep them off the fhore, and confequently have very 
few to a horfe. 

regular cnltivation, and advance of rents far beyond what could otherwiie be given. The 
frequent oppofition from that quarter, and the fupport that fuch oppofition meets with, 
clearly fhew> that gentlemen of landed intereft do not in general fee this advantage in the 
light in which 1 have defcribed it : the fame oppofition, I am informed, cxifted on the firft 
introdudion of turnpike roads, the value of which has now been fufficiently experienced ; 
and the fuperior advantages of Canals cannot fail being foon as generally known. 

In 
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In moderate weather, it would be difficult for a horfe to drag a line of 
them 200 feet long, viz. 10 boats as propofcd by Mr. Fulton. The fec- 
tion of water oppofcd is but fmall i but the form of the ends of the veffcls is 
that which gives the greateft refiftance j and they are often repeated, which 
muft produce a confiderable efFeft, although one veffcl follows in the wake 
of another. Further caufes of refiftance will arife from the line of boats 
frequently forming a zigzag, and from their vaft furface expofed to the 
water. The whole of the effeds combined are not reduceable to calcula- 
tion, and muft depend on experience. 

5th. Packs of hemp and wool, bales of cotton, facks of hops, crates of 
earthen ware and of glafs, oak bark, bavins, &c. &c. would lie too high, fo 
as to overturn the boats, unlefs iron, lead, blocks of tin, or other ponder- 
ous articles, were carried at the fame time; without which, thefe boats 
would not carry half their tonnage of light goods in any package ^ the 
StafFordfhire fquarc-feftioned boats of feven feet width, will feldom ftow, 
without becoming top heavy,, more than two-fifths of the weight they can 
carry, at a lefs proportionate depth than the boats in queftion muft be 
loaded to, to carry four tons. 

In addition to the articles already mentioned, thefe boats cannot carry 
cither long or crooked timber ; the former, if of fir, may be floated : 
but the latter, if of heavy wood, will fink, and cannot eafily be mana- 
ged. Neither would thefe boats be very fuitable for the conveyance of 
quick-lime, nor would they carry (becaufe of their fbon overturning) 
nearly their tonnage of wheat in facks, and ftill lefs of rye, barley, oats and 
malt : I, however, do not mean to infer that they will not carry thefe latter 
articles at all; but only that the quantities will be lefs, nearly in the ratio 
of their Ipecific gravities; which deficiency in tonnage may, in fome in- 
ftances, be cohipcnfated by redudlion of toll. This width of boat is, how- 
ever, what cannot be recommended for general purpofcs. 

The broad boats of 14 feet will nearly carry their full tonnage of light 
goods, which circumftance arifes from two caufes : the one is their form 
(as well as their width) which occafions their metacentre, or point below 

which 
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which the joint weight of boat and cargo may lie without overturning, to 
be higher than in the other boats*; and the other is, that they are funk, 
when laden, to a much lefs proportion of their width : befides which, when 
their draught of water is indefinite (as will further appear from the next 
chapter) the quantity of light articles that can be carried by boats of diffe- 
rent widths, but of fimilar form and length, will be as the fquares of their 
widths ; therefore, a boat of four feet width, in place of carrying half as 
much as a fimilar one of eight feet, will only carry a fourth, although of 
the fame length 5 ^nd but a ninth of one of twelve feet width. 

6th. The transfhipping of articles removes the relponfibility ; and, as 
boats are frequently wanted to navigate both canals and rivers, which 
cannot be done by the fmall' boats, that degree of relponfibility muft be 
loft, and the charge and delay of transfhipping be incurred. 

7th. The faving in point of redudbion of Canal dues, would not, in ar- 
ticles of merchandize^ be equivalent to the inconveniences defcribed. 

Having now mentioned my objeftions to the univerfality of the fyftem 
recommended by Mr. Fulton, I (hall proceed to notice the cafes wherein I 
think it eligible, the fteps I think neceffary to its perfedion, and the means 
of "harmonizing the fyftem of internal navigation j" which will not confift 
in the annihilation of Lock Canals as he has ventured to prognofticate^ 
but m rendering the modes of conveyance in them all, as far as pollible^ 
confonant to each other. Previous to this, I (hall make fome obfervations 
on the confumption of water. In Locks there is this inconvenience, that, 
whether the boats afcend or defcend, be light or laden, they confume, on 
an average, a Lock-full of water ; for, although in going downwards, they 
fave a quantity equal to the weight of the boat and cargo if laden, or of 
.the boat ^ne if light, in confequencc of the bulk of the immcrfed part 

^ Canoes^ ufed on the American and other rivers> becaufe of the curved form of their 
■tranrverfe fedion, carry their lading higher than fquare-fe^Uoned boats of fimilar width, 
and are therefore capable of conveying large hogiheads of tobacco, or of other artidesi 
with fafety. 

of 
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of the boat being expelled from the chamber, on the boat^s entering from 
the upper level ; this is perfcftly counterbalanced by the reverfe taking 
place in the afcending boats, on their quitting the chamber to enter the 
upper level J confequently, exclulive of leakage » which in well fitted gates 
is very inconfiderable, we may cftimate a boat to confume a lockful in 
pafling any extent to or from the fummir. Wherever water is fcarce, it 
is common not to exceed eight feet falls, and to have no double Locks. 
The next confideration is the depth of water in the Canal ; for the greater 
the depth, the tonnage, contained in any given width and length of boat,, 
will be the more incrcafed. 

I will aflume the depth of Canal Ihave heretofore compared the fmall 
ones with, viz. 6 feet, which will allow of boats of upwards of 4 feet 8 
inches draught. Thefe boats, when light, need not draw fo much as 15 
or 16 inches water, which will allow 3 feet 4 inches to be funk by the 
cargo* If the boats and locks be proportioned to each other, as in all 
caiesof want of water they ought to be, the area of that portion of their 
height Ihould beat leaft equal to three-fbCrths of the area of an equal height 
of the Lock j confequently, in this inftance, 2 feet 6 inches height of the 
Lock (viz. three-fourths of 3 feet 4 inches), will be equal to the weight of 
the cargo. Therefore, in a fall of 8 feet, the confumption of water would 
only be 3^ times the weight of the articles that would be paffed, up or 
down, in place of the difproportion he * (peaks of, viz. 133 tons of water 
for palling 25 tons of goods, inftcad of 80 f tons (which, as above dated, 
ihould produce that efFeft). 

Where the defcending trade does not bring up the afcending, he fop- 
pofes that, by his own fyftem, the weight of water confumed will be J twice 

* Vide Fulton, page 69. 

f The above clearly relates to a paflkge only one way ; but, if a boat pafs a fummit, 
the confumption of water will be twice as much; uiilefs another boat pafs down with the 
fame lockful the former rofe with. And if boats pafs and repafs a fummit, laden one way 
only, the water requifite would be nearly 13 times the weight of the goods conveyed : but - 
thefe extreme circumftances are never permitted to take place wherever water is fcarce. ^ 

t In fome infianccs much more. Vide Fulton, page 79. 

that 
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that of the tonnage. And every valley he paffes, by the double inclined 
plane (defcribed in chapter xi.) dcfcending on one fide of the valley, and 
rifing on the other to that or any other level will, of courfe, repeat the 
preceding confumption, . fo that the wafte of water may become as confi- 
derable as by the Lock fyftem, particularly if the method invented by Mr. 
Dubie, in the laft centujy, and defcribed by * Belidor, be put in praftice, 
as may, in fome few cafes, be eligible, viz. the drawing off the upper half 
of the height of the Lock into a fide refervoir, and the remainder into the 
lower level j fo that, in refilling/ the Lock, the lower half may be filled 
from the refervoir, and f half only be drawn from the pond, or level above. 
Or, nearly the whole water may be faved by the Locks defcribed in the 
nth and 12th articles of the preceding chapter. 

. Mr. Fulton has fl:ated feven mihutes as requifite in the pafUng a Lock, 
which in fome infl:ances is the cafe j but, where fufficient water way is given 
to the fluices, and expeditious means of opening them adopted, a large 
Lock may be filled or emptied in two minutes, and a boat pafled through 
(inclufive of the filling) in three minutes, which degree of expedition isr 
jequifitc wherever paflage boats arc an objeft. 

• Architeft. Hydraul. t. 4, p. 412. 

f This may often be eligible in Locks of two or more falls^ as a refervoir may be given 
^to each. The fubdivifion of height of a chamber, may be extended to three or more, fo as 
to reduce the quantity ftill further ; but it would be counteraded by the increafe of ex- 
pence, and the delay in pafling the Lock*: neither will the faving be quite in the propor- 
tion of the number of the refervoirs, becaufe of the fludtuation of the level of their furface, 
which will be more or lefs according to their proportionate magnitudes. The method taken 
by Mr. Dubie, in a Lock of 20 feet fall, on the Canal of Ypres, was to have three diviiions 
,for admiffion of the water. 
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CHAP. III. 

Cafes where the fmall Syftem of Navigation is eligihle^^^itb fome 
Propofalsfor its Improvement. 

The fyftcm of fmall Canals [is parricularly eligible in all countries 
where iinicftone, coal, iron ore, lead, and other ponderous articles not 
liable to damage from being wet, or likely to be ftolen, are the objefts 
chiefly to be attended to j and where the regular declivity of the country 
runs tranfirerfely to the courfe of the Canal : which will generally be the 
cafe along the fides of mounuins, at an elevation above the irregular ground 
at their feet. 

In thofe fituations, the great falls, or inclined planes, may be made at 
the forks of rivers % fo that the upper levels may branch up both the 
vales, and thus give the mod extended communication, A fituation fuited 
for thofe canals will often alfo be found in countries that are not abfolutely 
mountainous, but where the ground regularly declines towards the vales of 
large rivers. 

Bridges, whether of high roads, or of communication' between 'divided 
property, form an eflcntial article of expence, and may be confiderably 
avoided in the fmall fyftem. The only thing militating againft it, in the 
wheel boats, is the great projeftion of their wheels below the bottoiiij 
which renders fords imprafticable. The fords ought not to exceed two 
ittt nine inches depth; as, othcrwife, hay, (heaves of corn, &c. in com- 
mon carts, would be liable to get wet. The depth might always be nearly 
uniform, fi-om the fords being paved, and overflows immediately adjoin** 
ing, which, to allow for cafual flufluation, might be fixed at two feet fix 
inches above the pavement of the fords: then, in place of communication- 
bridges, it would only be neceffary to form a/ paved road obliquely down 
the bank oxx one fide, croffing the Canal in the fame direflion, and floping 

D up 
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ift. I propofe their wheels to be 12 or 14 inches dlamcteri and onfy to 
J)rojca two inches below the bottom. Thefe wheels muft, neccflarily, be 
iheltered by the fides^ not only to avoid ftriking againft the banks^^ but 
that the boats may not entangle with each other.— (^i^ Plate II). 

Thispurpofe might have becneffefted by means more fimple than (hewn in 
the plan, &c. were it not for the neceffity of attending to the vertical curvature 
of the railway, which will projeft upwards, alternately, between the wheels,. 
or towards the ends of the boats. The part of the boat below the wheel's 
axis, although contradted 6 inches in width, on each fide, as jfig. 3, wiU 
not only add confiderably to the burthen, but afford the means of preferving; 
die cargo from being injured by leakage : becaufe the ceiling of the boat 
being neceilarily raifed above the thwart umbers, and a cox^derable ipace 
left between the ceiling and bottom plank. 

ad. The increafed width of the boat from 4 feet to 4 feet 6 inches, will 
add both to the burthen and (lability of the boat, without any fenfible dif- 
ference of expence in the Canal, as one foot more width, which requirjes 
only a vertical feAion of that width, will aflford the nece(rary increafe of 
Ipace to allow the boats to pafs each other, and the increafe of excavation 
of the Canal is comparatively nothing, becaufe the fides are common to 
all widths of the fame depth; fi-om which caufe, excepting where fubterra* 
neous navigation is requifite, there are no fufficient advantages arifing from 
iBi very limited width; and, even under that predicament, iftherebeany 
material length of carriage, either under ground, or fubfequently, it will 
be eligible to keep, at leafi:, to the width I have mentioned. 

The boats in the Duke of Bridgewatcr's works at Worflcy, where there 
are fubterraneous Canals on different levels, are of thb width. There are 
fome cafes in Ihort fubterraneous Canals where 4 feet or lefs width of boat 
may anfwer the purpo(e. It may be frequently fo with iron, or other ores, 
and fometimes with coals, when (cnt forward in the (hiall corves or boxes, 
in which they are brought fi-om the fiice of the mine; as, in this inftance, 
the boat would only be laden, to a fmall depth, and the cargo not lie fo 
hig^ as to endanger its overturning. 

3d- If 
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F$$tJncbiu 
3d. If the boats be from 3 to 4 times^ as long as they arc! 

broad, their draught of water, when light, may be * 1 ^ 

Projedlion of wheeb below their bottom - o % . 

Depth to be funk by their loading - - 16 



Total 2 4 
at which draught I have before dated, they may navigate over the fordt 
without danger of impediment.' 

Under the above predicaments, every 5 fee( 4 inches length of boat 
will carry a ton ; therefore, 4 tons may be carried in one of 21 feet 4 inches 
length, and 3 tons in one of 16 feet ; which latter lize, as being lels liabkt 
to ftrain when retting on its wheels, and for other cau&s will» in general^ 
have fuperior advantages. [ 

In boats laden with coals,, lime, iron ore, or other minerals> it will 
evidently be a great convenience to empty them with equal facility as a 
waggon i which, particularly in ihort boats, may be effedted in the two 
following ways : the boats, in both inftances, having their ends ceiled> 
with a dope of about 18 inches bafe to a foot in height. The Canal (in the 
firft method that I fhalldefcribe) (hould terminate above, and near to, the 
place of difcharge, which, in this inftance, I will fuppofe to be a coal 
ftaith. At the end of the Canal there may be a dock juft containimg a fet of 
boats (which will be hereafter defcribed) or a gently afcending railways in 
the latter cafe the boat nnay eafily be drawn out, by a horle aAing on a 
two-fold purchafe, viz. by a rope attached to a poft clofe to the fide of the 
railway, and above the head of the flope, which rope being paffcd through 
a block hooked to the head of the boat, and returning to a horie hamefled 
to it, upon the railway, will give power fufficient to raife the boat out, in 
the fpace of 10 yards s the fixOi part of the afcent being fteep, on account 
of the boat being waterborne. 

If a dock be ufed, the wafte of water will be fmall, as there will be no 
defcent of the boat i and the only difference will be, that the boats will be 
more eafily run forward over the frame- way of the ftaith. When arrived 

at 
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at any phct bf aTfA^ge IfWhtthtr iipbn *Kc ftaith, or*ft» ^dek-fying 
below) the .boat will have td tiin iipoh « frrtiie 'ffa^cBcfcd '^tti two gtic^[eo» 
at fialf fts length, a tittle bclo^ -tl^e -Cfehtrfc <ctf >gKiv*:y <)f dhe teamed, ^nd 
abd^c thit of theiight boat; the frarrte (b<Hng foicfrntri^-ed <!hac «thc 'bbat 
on talcing its pofition, becomes fccured in its place) will then readily be 
turned up to fuch * pofition as will permit the contents of the boat to 
fboot out, and will, aftenfrards, be as readily turnefl back ^ain, from the 
pofition of the centre occafioning it to preponderate each way iltcmately. 

Where the coals, or otTier minerals, are not wanted to 'be bccafibnally 
loclged in a ftaith, but to be only turned over into larger vcflels, on a 
greater navigation ; a methocl prafljifed in a part of Soiidh Wales, with 
irnairbtiats bringing iron ore from a 'drift out of the mine, may be made 
ufe of. It confifts in continuing the Canal (which may be a wooden trough) 
to the- place of difch&rge, and terminating it on a caifTon, fufpended on a 
tranfverfe centre. The boat being arrived in its place, the end of the 
Canal is clofed by a ftop-gate j and the fmall quantity df water contained 
in the caiflbn, which the boat Ihould as nearly as may be fill, being let 
out, the caic, or frame, with the boat in ic, may be turned over as already 
defcribed. 

' In the former method (which will be more generally ufefiil) the boats 
will, occafionally, ha^e to ihoot their cargoes, in different places, on a 
coal ftaith, or quiy, and cohfequehfly will have to 'turn ; therefore, boats 
of 1 6 feet length, which I have already ftid will carry 3 tons each, cannot 
conveniently be made ufe ofi that circumftahce fli^Jr fender it eligible, in 
many inftances, to have them Ihorter, and of lefs burthen -, which, accord- 
ing to the fyftcm I fhall proceed to lay down, will be attended with no difr 
advantage of moment. 



* Tke taming of the frame moft be limited to the extent of this pofition> which, with 
fife dftd (b^ of «he' boat's ceiling, alreafdy mentioned, if ill 4>e /bffioient at little more^than 
;o'» from the plane of the horiton. The fides of the frame ihould fit dofc to the boat's gun- 
wale, and rife fiifficiently above it, to prevent the matter it coi^taiiu from running over its 
fides when rufiung out of the boat* 

I havp 
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I h^ve alre^/^ mentioiied the extreme difficulty of mai^gjng a tram of 
boat^ when the wind blows ftroog ; and alfo the great reliflance to theif 
pafiage through the water frond the form of their ends> as well as the d^^t 
m2^c done to the banks from the angles of th$ Boats^ w|iich prbcipaUy ^ 
arifes fi^m the corners plowing up the b^nks. To remedy this, for anj; 
great extent^ by any thing placed along the banks of the Canal, would be 
worie than the diieafe-s fome other mode muft therefore be s^ppted. 

The way, that occurs to me, is to conftruft and coiineA the boats^ in 
fuch a manner as to avoid cutting the banks, and likewifo enable diein to 
go fufflciently &ft through the water, fp as to be capable of fteeriog, and 
not to be driven by the wind on either bank, and, at the fame time, retaif| 
the power of being feitt down the inclined planes without being feparated. 

Two, three, or more boats, according to their length and the fuddcnnefi 
of the curvature of the Canal, may be firmly connefted, one clofe behind 
the othcr^ fo as to form one boat ; and, by having a flight overhanging at 
the end of each, they will, when on their wheels, bend to the convexity of 
the upper part of the railway, and being fattened near the gunwale at each 
angle on either end, there is no impediment to their equally fuiting the 
concavity of the lower part. The boats, thus conneftcd, would ftill oppofe 
great refiftance to motion ; and although, by giving the extreme ones a 
triangular end (which would be the eafieft executed), the refiftance would 
be Icflened nearly as the f fines of the angles of incidence : yec other in- 

* The cUmage aiifiog from th^ redangular tranfverfe fe^on of bo^ts for inclined planes 
is confiderable* and can only be remedied by incarring inconveniences in the conilradlion 
of the boat ; and the capability of its fnHaining itfelf on a frame without ilraining, unlefs 
Qnconupon accuracy yferc attended to, in fniting the boats bot^oqis and their cradles to eack 
other. 

f At firfl in a greater ratio, afterwards in a lefs, according to the experiments of 
Abbe BofTut. 

If one leg of the ifofceles triangle forming the entrance, or end, of a boat be aflumed as 
radius, the refiftance would be as the fquare of the fines of the angle of incidence; but then 
the width of the boat woald decreafe or increafe, as the fine is to radius ; confequently, in 
boau of equal width, the refiilt would be as the fine. 

conveniences 
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tonvenicmrcs would cnfue; as the boats would be attended with a great 
lateral wave, tending to tear town the banks, and a reduftion of burthen 
equal to half the projeftion of the ends, which muft, of courfey be coun- 
terbalanced by an increafe of length. I therefore recommend the ends of 
each fet of boats, to be formed like an obtufe pointed gothic arch, as 
the dotted lines in fig. IT. flaii II. where, by only an incrcafed length of 
one foot, an equal, or rather fuperior burthen to the iquare ended boats 
will be obtained ; and the refiftance reduced, according to the experiments 
of Admiral Chapman and Monf. de Rommc, becaufe the half width of 
the boat is only three fourths of the axes of the curve forming each fide of 
its end 5 and, by their experiments, the refiftance is equal (under any pro- 
portion of extreme width and fpace from thence to the ftem), whether the 
fides for that extent form a curved water line, or go ftraight forward to 
the ftemj and form two fides of a triangle. 

According to the experiments tried at Greenland Dock, by the Society 
for the Improvement of Naval Architefture, the refiftance of a veffel with 
femicircular ends, moving at the rate of eight feet per fecond, and i li 
times as long as broad, was nearly • 78 of that of the fame veflel (or body 
compofcd of logs of timber) with fquare ends. By thefe experiments, 
and thofe tried at Verfailles by L'Abbc BoflTut, the chief advantage is de- 
rived from the form of the end moving forcmoft : which will hold good 
in all velocities with which boats can move on Canals j and, as the pro- 
pofcd ends arc formed of half fcgments of circles, whofe axis, in the line 
of the keel, is once and a third the greateft ordinate, or half width of the 
boat, the refiftance fliould, according to the fines of the angles of incidence 
of equal threads (or minute portions) of the width of the water intercept- 
ed, be .90 1 of the refiftance of a femicircular end, and therefore .702 of 
that of a fquare * end, according to the experiments quoted, which nearly 
agrees with the fines f of the angles of incidence on equal and minute por- 
tions of width. 

• This advantage, in the experiment quoted, woald be partly derived from an equal 
iharpnefs in the after end, which will not operate againft the prefent cafe, as each end of 
every fet of boats (hould be fimilar for the purpofe of tracking cither way, 

t According to this theory the refiilance of a femicircular end proportioned to a fquare 
one is as . 7854 to one, becaufe the fum of the natural fines of a quarter of a circle, taken 
on equal portions of its greateft ordinate* infinitely n^r, muft obTioufly form its area. 

In 
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In all cxperimentSj the proportionate lengths of the Vedilinear part rf 
the bodks to their widtlis, and in many inftances of the latter to their 
depths immerfed, will produce different refults : therefore, until the effcfts 
of thefe and of other attendant circumftances be known, and introduced 
into the formulae, no theoretic refult can be perfeftly corred ; but will give 
more or le(s than any particular experiment, unleis where oppofite caufes^ 
counterbalance each other; amongft which, friftionon the furface expofed to 
the wateo and the inequalities of that fur&ce, are not theleaft coniiderable«. 



E GHAP. 



/ 



( 3* ) 



CHAP. IV. 

On the Metacentr^ or Axis of Motion of Vejfels of a uniform Figure 
throughout their Lengthy Jhewing by fever d^ theoretic Inflances to 
what Height fuch Boats may fafely carry their Cargoes. Alfo on the 
Means of combining the Navigation of f mall and great Canals. 

As Canal vcffek, efpecially the narrow ones, which are principally the 
fubjeft of this Trcatife, are generally of a uniform figure throughout their 
lengthy or axis of motion i except a (hort fpace at each end, which, from 
tjjeir great comparative length, conftitutes an inconfiderable portion of the 
whole, I fhall conlider them as fuch i as it not only fufficientiy approxi- 
mates the truth, but diverts the queftion of the intricacy that would ocher- 
. wife attend it. This fubjc6t having been treated with great ability by Mr. 
Atwood*, in the Philofophical Tranfadions for 1796, I fhall occaQonally 
recur to him, for the rules ncccffary for inveftigating this matter. 

In all veflcls there b, at every given depth to which they may be laden^ 
a cert^n altitude of the centre of gravity, at which the veffel wiD be on 
an equilibrium of indifference whether to remain at reft, or move a gitater 
or leffer diftance round its axis of motion s which axis (in the line of the 
velTel's length) is ufually called the Metacentre : confequently^ if the cen- 
tre of gravity of the veffel and cargo combined, lie above the meta- 
centre^ the veffel muft overturn i and, according to the diftance of the 
centre of gravity below that pointy the greater or Icis will be the fiability 
of the veffel. Its rcMancc to overturning, if it be of a circular tranfverfc 
fcftion, will be ^qual » the fine of the angle of heeling, multiplied into 

• The Conftrudion aivd Analyfis of Geometrical Prgportioiit detemuning the Pofition 
aflbmed b)r Homogeneal Bodies which flott^freely* and atuMboA-itFliud't Surface; alfo 
determining the Stahili^ .of Slupa» and of other FlotdiglJ^gHtt; by George Atwood» 
£f^. F« R* S. . uHm ^'':' n.-ri* 

the 
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the dift^nce between the centre of gravity and the metacentre* mQlijplied 
by the weight of the veffel and cargo, which muft, confcqucntly, increafe 
until it arrive at its maximum at 90^. 

Alfo, invcffeb of this form, the metacentre continues at the feme height 
above its boitom, at whatever depth the veffel may float ; but, in poly- 
gons, the cafe is varied, and in the reftangular form very confiderably. 

It is obvious, that no floating body can be naturally at reft, unlefi its 
centre of gravity be fupported vertically by the centre of gravity of the 
fluid difplaced -, or, in other words, of the part immerfed. 

In a parelleloptped, or fquare beam of timber (fuppofed to be homoge- 
neous), its centre of gravity will clearly be where its diagonals interfeft 
(vide plate I. fg. III. and IV.), and if its tranverfe feftion be equilateiil, 
it would, when floating on the water obvioufly reft on an equable fupport, 
either on one fide, or with one angle downwards j but yet, it will not re- 
main indifferently in either poGtion ; for, according to circumftances, one 
of thefc pofitions would be what Mn Atwood calls, " the equilibrium of 
fl:ability, in which the folid floats, permanently, in a given pofition j'* and 
the other would be " the equilibrium of inftability, in which the folid, 
although i^ centre of gravity and that of the part immerfed are in die 
la'me verticlc line, fpontancoufly overfets, unlefs fufl:aincd by external 
force/' 

When veffels of a reftangular feftion are ufed in Canals, they are necef- 
farily to float on one fide, or fece of the fquare; but Mn Atwood has 
clearly demonftrated, that in many inflances they have, when the centre of 
gravity is in the centre of the fquare, a tendency to overturn and float on 
their angles; which fliews, that under thefe predicaments, Mr. Fulton's 
boats of four feet width, could not carry their mean weight of boat and 
cargo fo high as two feet fi-om the outfide of their bottoms ; even without 

* When (he tranfverfe iiBfiioB it a portion of a circle, the metacentre mnft obvioufly be 
in the centre of diat cii^ becanfe, a cylinder of htmogencont natterj floatiDg on its 
fide, would reft indifaci'y with any pan upwards. 

£ 2 an]^ 
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any allowance for the requifite f efiftaace^ they ihould be capable o( making 
to the weight of. a man ftepping on one iide. 

The following are, according to Mr. Atwood, the equilibria of ftability 
of a fquare parallelopiped, whole centre of gravity is in the centre of the 
fquare, the full depth or one fide of the Iquare being unity. 



ift. 
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p0fiti$M rf B^dfy hnmerfij. 



o to .211 and from .789 to i 



ad. >.2ii to .2$ 



-•< 



.15 to .2813, viz. A to -^ 
and from .71877 to .75, - 



viz. HtofJ. 



Pofttion in which it would float perma-' 
nently. 

With a flat furface horizonral. 

"The flat furface inclining progref- 
fively on fundry angles increaf- 
ing to 26^ 34' when corrcipond- 
ing with «25, at which time the 
furface of the fluid will be coin* 
cident with one of the angles. 

With the diagonal lines in various 
angles with the vertical, until it 
becomes upright at A in afcend^ 
ing from ^ and at \^ dcfcend- 
ing fix>m Tit at which, and ^, 
the angles are 18^ 26'. ^ 



_ 7 From .2813 to .71877, viz. S\Kr.x..x. j- 1 r 
4*- r r • ». ^Widi the diagonal Imc vertical. 

3 from -fs to Ttr* • • 1. 



The lad mentioned depths obvioufly include all the proportions at 
\rfiich narrow boats could conveniently fwim 1 therefore, they will be the 
lefi able to carry theu* borthens at any reafonable height. 



Thefe different pofitions arife from two caufes 1 the one is, the natural 
tendency that the centre ofgravity of the whole mafi has to become as low 
as poflible : and the other, the tendency which the eetare of gravity of the 

part 
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part immerfed hais to becoim as high as pofTible i which, conlequendfj in- 
crcafcs the width of the line of flotatiqn, or the fupport on the water's edge 

I have ah^ady (hewn ♦, that Mr. Fulton's boats of four feet width, will, 
with the lading he mentions of four tons in ao feet length, draw two feet 
3t inches water ; and the boat itfclf, without the wheels, which are of no 
moment in this invcftigation, would draw fix inches. 

As the depth the boat would dralw laden, bears the fame proportion to 
the width or fide of the fquare, as .5729 to i. it &lls under the 4th, o^ 
laft predicament mentioned in the preceding table; and would naturally 
overturn if the centre of gravity were as high as the point of interfedion of 
the fquare, viz. two feet from the bottom. With iron-ore, limeftone^ 
and other minerals, coals excepted, there can be no doubt of its carrying 
its cargo Ibfficiently below the metaccntre, or overturning point i and, as 
coals are eflfential to this ipecies of Navigation, I now proceed to inveftigate 
how far it will carry the quantity eftimatcd. 

Coals, although fpecifically heavier than water in general, more than one- 
fourth, yet, when broken, as ufually fent from the mines, a ton weight 
occupies a Ipacc of nearly 50 f ctibic feet 5 confequently, as 20 feet length 
of boat is to carry four tons, or 200 cubic feet, it follows, that each foot 
length muft require a feftion of 10 feet, which, divided by four feet, the 
outfide width, leaves two feet fix inches ; to which we have to add eight 
inches j; for the proportionate quantity of matter the boat is compofed of 1 
and the whole height will be three feet two inches : the centre of gravity of 

• Vide Page la. 

t When the fleck, or iinall of thecoals fill up the vacddet of the hige piecet« leTs thaft 
45 coble feet will weigh atoa; b«t ic woidd be nnfiile tm calculace on thb extreme. 

t Vide Page la. 

wbtdiv 
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which will be one foot feven inches, admitting the boat itftlf and the 
cargo to be of equal fpecific weight *• 

Another circnmftance is, that unlefs the centre of gravity Ue fufficiently 
low, boats of this form and depth,, inftead of progreffively increafing their 
reliftance as they heel, or incline to one Gde, will ac ibme given point di* 
minifli it. We have, however, only now to confider, how far a Canal 
boat can be admitted with fafcty to heel, which I conceive to be about one- 
tenth of its width ;, = 5** 44' - iO> which I (hall afiume as a datum 5 and 
proceed, according to the method laid down by Mr. Atwood, to examine 
how high the metacentre would be under this giving inclination ; and 
what weight the boat would bear upon its gunwale, with its centre of gra* 
vity at the height of one foot feven inches from its bottom. 

Plate I. figure V. A B C D (hews the fe6Kon. of the boat defcribed ; 
which is bifedcd by the line x 6. ^v \s the line of flotation, or water- 
line when upright, and drawing 2 feet 34 inches: cb tht water-line wh^n 
inclined 5"" 44 21'' : g the centre of gravity of boat and cargo at one foot 
feven inches above the bottom. 

The centre of gravity of the part immerfed in water, when the boat's 
bottom is horizontal, is clearly at the croflring.o|'the diagonal lines w C and 
^B, viz. at ^, and whenever the boat heels, it muft turn on the point x fy 
which is the middle of the line of flotadon ; and on immeriing the triangle 
b XV, it muft raife a fimilar a-iangle tc^x r out of the water. Let a repre- 
fent the centre % of gravity of the latter of the(e triangles, and d that oi 

* According to tke premHes afliimed, the fpecific gravity of the boat is to that of the 
cargOf as 48 to 50^ confequently, fufficiently near the fame. This fmall difference wilt 
be more than counterbalanced by the cargo being higher in the middle than at the fides ; 
which, according to the height given, are but two feet ten^ which is fbor inches ihort of the 
eftimated prifmiatic height, 

t Any effe£l in removing the centre of gravity arifing from the caofe that may occasion 
Ae heeling> not being taken into account as too inconfiderable. 

t The pofitum of which will be two-thirds of the diftaacc from x along a liaej biftOing 
lliefiiewri viz. tiro*thirds of jr ir. 

the 
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th« other; then -the diftaticc between: thefe points (i^hich taken horizon-* 
tally, may in all fmall angles be affitmcd a» 4- of the width of the boat) 
-will be the extent which the fupporting power of the triangle has moved ; 
therefore, the centre of gravity immeifcd will be removed horizontally 
from a, fuch part of (32 inches) the horizontal diftance between a and d, 
as the quantity of the triangle is to the whole bulk immerled, viz. ^s .603 
is to ay. 5 5 or, as one fourth of the fpace A t; is to the fpace v C, which in 
the prefent inftancc amounts to .7017 inches, and is exprcffed by the line 
/ *.— If from k a vertical line be drawn, it will at m, where it interfefe 
the line x 6 (bifeding the boat) flicw the height at which the cquijibrium 
of indiflferencc will be, under the given inclination, which, in this inftancei 
will be at 7.017 inches above ^, or the half draught of the boat; and 
confequently, 20.767 above* the bottom, viz. only 1.767 inches ab6ve 
what has becnftatcd as the centre of gravity of the boat and cargo ; there* 
fore, the fole power that the boat has to right itfclf, is the Ihort Ipacc 
that g Kcs wichinfidc of the vertical line from the centre of fopport ir; 
which, at the given angle of inclination, is only one-tenth of the (pace mg^ 
viz. .1767 inches; on which the whole weight of the boat and cargo is^ 
as it were, fufpended from that length of arm projc6ting from the mcta- 
centre m, viz. on v m, which is capable of fuftainihg a weight upon the 
gunwale D inverfely to the length m «=25.203 inches. The diiprO- 
portion between thefe is 142.6 to i. and as the weight of the boat and 
cargo is 102 cwt. the power capable of giving the inclination 5"" 44' 21^ 
(the vertical depreffure of one tenth of the width of the boat) is only .715 
cwt. or le^^than half the weight of a man; confequently, Mr. Fulton's 
and £>r. Ariderfbn's boats are not fuited to carry coals to the extent men'- 
tioned; and if not fuited for coals to that extent, it is felf- evident they 
are not fuitbd for light goods, for grain f or mak, or even for timber and 
deals. 

• Not vertically, lot in the bifoAing line x h^ wUch is referred to throughout ; the bdiW 
as before ftated^ drawing a feet 3 i»h^f inches. 

t The fpecific gravity of wheat in bulk is nearly that of coals, or from 46 to 50 cubic 
^eecto a ton ; but ia bags (as It mud be in thofe boats) it will occ^py more fpace } the 
other fpecies of grab aie lighter; oats are particularly /a» andmaUi* an^ the fama 
jnredicamenc. 

It 



( 40 ) 

It mud: alfo further be confidered, that no articless capable ofdamage 
from ♦ water, could be fuffcred to reft on the floor of thcfc boats ; from 
all which it follows, that fuch boats as I have recommended of 4 feet 6 
inches width, are of the leaft breadth that a Canal for any general purpofcs, 
Ihould be calculated for, in any fituation ; and, that the raifcd ceiling, in 
thcfe boats, is neceflary to afford a receptacle for leakage, or other water. 

It alfo clearly follows, from thefe premifcs, that boats defigned to dijf- 
charge their cargoes with floped ends for that purpofe, muft be of a ftitt 
greater width; bccaufe, carrying their cargoes higher: — That width, 
without entering into calculation, I would propofe to be five feet, and the 
boats to be made proportionably ihorter ; in which cafe, a greater num- 
ber might be fixed together, to form what I fhall call a conjoined-boat; 
cither two or four of which, according to circumftances, may be tracked 
by one horfe. If the Canal be remarkably ftraight, a greater number may 
be conjoined ; and then only two fuch boats be drawn by one horfe at- 
tached to a chock, or fhort maft, ftanding about one-third of the diftancc 
from ftcm to flern, of fuch conjoined boat as may go fofemoft: to the 
ftern of this, the ftem of the fecond conjunction of boats being fattened, 
a boy may fteer the whole by means of a pole fixed like a flat-lying bow- 
Iprit, to the headmoft of the fecond fct, which will fervc as a tiUcr to fleer 
the preceding one, the latter ading as a rudder f . 

But ihould the Canal not admit of a great length of boatj then, two fets, 
«s above defcribed, may be drawn by one horfe ; thefe two fets being con- 
neded not by their ends, which would prevent their being well fteered 1 
but by a line communicating between two fhort mafts, one in the latter 
conjoined boat of the firft fet, and the other in the leading one of the 
fecond fet (in the fame pofition as the maft in the firft conjoined boat)> 
which will give room for the fecond fct of boats to be fteered as well as 
the firft. In the narrow boats defcribed by Mr. Fulton, he does not feem 

^ Qaick-lime is of courfe excluded. 
' f TUt method it pnftifed in Cambridgefhirt and Liscolnflure^ 
i to 
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thcfc boats • thus joined, will be liable to accident from Ac (hock tif the 
great boars, as well as much inconvenience from the agitatbn of a wide and 
deep t Canal, and alfo, that the boats would be very liable to become 
leaky if they have far to travel on land> either from coal mines to the 
Canal, or from the Canal to any particular place of confumptton i there- 
fore, I conceive that in fome inftances, particularly in the conveyance of 
minerals, it will be better to have boats of great length, fo conftru6ted> as 
to have a double railway upon them, and to carry two parallel ranges of 
waggons s a plan nearly fimilar has long (ince been talked of s but» excepting 
on a fmall fcale as to magnitude of waggon, has, I believe, never beea 
carried into effeft, from the following caufes, viz. the difficulty of getting 
the waggons in and out -, the danger of {training the boats in pecformii^ 
that operation, and the rifk of their being overfet in high win(ds> or from 
other caufcs. 

The two firft objeftions I propofe to remedy, by having a dock at the 
place of loading and unloading, in which the boats fhould be laid aground; 
which may be done with very little lofs of water, as they fliouki be uniform 
in their dimenfions, flat bottomed :{:, and nearly filling the dock ; the bot- 
tom of which ibould be fo high as juft to admit the laden boat to float 
over it. The boats being always laden and tmladcn in a dry dock, it^ 

* If the boats be fo large as to go onconjoined, or with only one jundion, whkh majr 
be doop on the plan of carriages under the boats ; then little inconvenience or hazard will 
arlfe from navigating the large Canals. But even in the plan of moving on carriages, th« 
boats are fo ihook in moving up and down the inclined planes as to become leaky : to re» 
medy which> I would propofe that the carriages, where the boats are large, ihould move oa 
eight wheels, four on each £de, and refting on two axes paffing through the middle of 
parallel bars conneding each pair of wheels ; of conrfe, the railway would be lefs liable ta 
iiijury, and the fbock from impediments would he reduced. The latter may. be nearly ob» 
viated by any fimple contrivance to fweep the rails> which may projed from the carriage and 
precede the wheels. 

t In (haHow Canals, the waves cannot rife fo high as in deep ones, or be fo far afunder* 

% Excepdng a deep keel to keep them from driving ta leeward ; to receive whicha there 
aittft be a groove ia die floor of the dock . 

follows^ 



follows, that they (way have leaves at their ends to let dotm to any rcqui- 
fite depth ; which, when raifed up and fccured, may be kept tight by 
the prefliirc of the water : — ^the fuftaining platform may, therefore, be on the 
ceiling of the boats, which may be raifed by deep floor timbers, fo.as to 
Tupport die boats fides, and raife the ceiling * above the light mark, both 
for the purpofc of preventmg the boats finking from the leakage of the 
kaVes, "when not in ufc ; and to avoid unneceflary defccnt and afcent for 
the waggons to and from the docks, the railways at the end of which, 
Ihould coincide with thofe on the platform of the boats. 

The tranfverfc feftion of thcfe boats I propofe to be a portion of a poly- 
gon, as carrying the metacentre higher than a fquare* and as being leis lia* 
3>leto cut down the fides of the Canal. 

Waggons of fcven feet fix inches outfide length, fix feet outfidc width 
m top, and four feet depth, with their fides and ends contradted towards 
their bottoms, contain ameafurc (inclufive of the heap at top) of 135 cube 
feet, or a Newcaftle chalder f of coals, which fliould weigh $3 cwt. i and 
rating the waggon and wheels at i J cwt. 4l> each laden waggon will then 
be 3.4 tons; confequently, 16 waggons, which will occupy a fpacc of at 
icafl: 60 feet length and 12 feet width, will weigh 54.4 tons. The boat for 
this purpofe, I propofe to have floping ends, fo far contraftec^ as jufl: ta 
admit the paflage of the waggons, arid to be of 64 feet average length, ii 
(ctt width of bottom, 14 feet on the gunwale, and 4 feet height from the 
tottom of the boat, to the gunwalcj as by the fedtion in Figttn L JPbUe 
311. 

• Which (hoold bccaalked and made tight. 

f I ihall form my AtiaStiom from waggons of this meafure, as being the ftandard of the 
l^reat coal country ; and equally capable of being reduced to other meafares> as any other 
proportion I might have aflumed. 

X The waggons with heavy wheels of upwards of three feet diameter, weigh above a ton^ 
but may be reduced to the weight fiated, or lefs. 

Fa The 



C 44 ) 

The light draught, of the boat may be lefs than lo inches, but I will af- 
fume it to be brought to that depth by ballaft between the timbers :— 
the breadth, on the water's edge, will then be 1 1 feet 7 i inches, and the 
fedtion immerfed will be 9-427 fuperficial feet. The cargo as afore-men- 
tioned will be 54.4 tons, which multiplied by 2^y the cube feet of water 
inaton, and divided by 64, the length in feet of the boat wiil give 30.6* 
feet for the fcdlion the boat has to be depreffcd, which will require an in- 
creafed draught of nearly 2 feet 4^- inches, or in all 3 feet 2^ inches, but 
fay 3 feet 3 inches. 

Admitting the pyramidal heap of coals on the top of the waggon to be 
equal to an addidonal height of four inches on the width of its bafe a b^ 
the centre of gravity of the middle part of the waggon (of three feet bafe) 
allowing the top and bottom to be of equal length f, will be at two feet two 
inches ; and by the two triangular prifms (each of 18 inches bafe), it will 
be moved nearly 3 inches higher, viz. to 2 feet 5 inches above its bottom, 
which will be about 3 inches above the centre of its wheels i and calling the 
wheels 2 feet diameter, the centre of gravity will be raifed '3 feet 8 inches 
above the fupporting rail ; which, according to the plan, being i foot 5 
inches above the boat's bottom, makes the elevation of the centre of gra- 
vity of the lading to be at 4 feet i inch. The centre of gravity of the 
boat will depend on the proportionate timbering of its bottom and fides, 
and the iron or (tone ballad it may have in to fink it to 10 inches i and if I 

• Let s exprefs the fedion to be immerfed^ viz. 30.6 fup. feet* 
3 a=the width of light flotation, viz. 11.625 feet. 
x=theincreafed depth fought. 

Then, as the boats fides overhang each of them f of their height, the equation will itan2 



3x 



thus. ^ax'\ — o^='. and the refoltwillbc y ssv^ 8 /+ i6 g g — 4 ^2=2.405. 

3 

f They generally are not fo, but were I to make any other calculation, it would only 
be on a particular inflance, and the weight and pofition of the w'leels mull afterwards have 
to be accounted for : I therefore, (hall calculate as above, and leave the wheels and axle- 
trees as a counterbalance for the deficiency of the length of bottom, which they will in ge« 
serai be folly equal to« 

afTume 
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aflTamc it at 1 8 inches from the bottom, it will be more than fufficientfy 
high. The mean centre of gravity will confequently lie between iS* and 
49 inches, in the inverfe proportion between 9.427 and 30.6, (the propor- 
tionate magnitudes of boat and cargo), which will fix it at 41.55 inches. 
The centre of grivity of the bulk immerfed will be fo much above the 
half draught of water, 19.5, as the two triangles w p B znd v q C. (Plafe 
III. Fig. I.) whole centre of gravity is at the height of 26 inches, (viz. y of 
the draught of water) will, in their ratio to the whole bulk raife the com- 
mon cenrre, viz. as 132 +Tof 39- •6.5 : : | of 39:, .648*, which, added 
to T9.5, will give 20.148 inches for the mean centre of gravity of the part 
immerfed. I fliall in this boat, the fame as in the preceding one, admit 
the utmoft extent of heeling to be 5* 44" 21* ; but the mode of finding the 
rcfult, will be fomewhat more complicated than in the former operation, 
bccaufeofthe diflimibrity of the triangles formed by the interfeftion of the 
two lines of flotation, and the confequent inftability of the point of inter- 
feftion, which, in veflcls of parallel fided fedion at the water*s edge, 
throughout the extent of heeling, remain uniformly the lame. 

The deviation from the preceding rules, will cafily be explained by 
having rccourfe to the diagram Fig. III. Plate III. in which A B E it is 
the tranfverfe feftion of a veflcl with ftreight overhanging fides i and q is 
the point of interfcdion where the fides would meet, if prolonged down- 
wards.— x y is a line bifefting the angle of junftion of the boats fides: and 
w Vy is the line of flotation at right angles with x q, when the boat is, of 
courfe, upright.— r bisz line parallel to the line of flotation, on the boat, 
having heeled any given quantity equal to the ^ bx v. This line paflrs 
through the middle of the level line of flotation, but cannot be the true 
pofition of the inclined line ; becaufe the quantity of water difplaced on the 
fide heeled towards, and left unoccupied on the other, muft of neceflity be 
equal ; and the triangle b v x^is obvioufly larger than the triangle wxc, :— 

• Viz. As the width of die boats bottom + the overhanging of one fide on the line of 
flotation, is to the differcrce between the two centres of gravity (vi2. 26. — 19,5) fo is the 
value of the two triangles (which, as they are equal, is expreiTed by the bafe of one of them) 
to the rcfult. ^ 

therefore. 
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therefore, the real line of flotation will be roovc4 fo far downwards, to-. 
wards ,v^ (fay to C H) as to equalize the two triangles, w X C, and 
H X Vi — To find the prccife pofition of this line we have the following 
data — The triangle, C j H muft be equal in area to the triangle, w qv^ 
becaqfe the triangle, HXv* is equal to the triangle, wXC,: and the 
z. A f ^ being common to both the great triangles in queftion, the redan- 

gle C y K y H muft be equal to w q x qvi viz. towq\ as both tlicfc 
lines are cquah Thefe circumftances, combined with all the angles being 
given, lead to the following operation. 

Let w^ be drawn parallel to the inclined line of flotation j on which line 
v)p^ let fall the perpendicular v j, the value of which will be the fine of the 
single of heeling, the level line of flotation being radius >-^a; s will be the 
fine complement of that angle. The angle s v pi^ equal to the angle of 
overhanging of the boats fide + the angle of heeling (viz,= /Lxqv ^ ^sw 
v) and vs being afliimed as radius, s p will be* the tangent of the angle 
mentioned, and v p its fecant : confequently, all the fides of the triangle 
xvv p 2irt attainable ; and the triangle H X ^ being fimilar in fpecies, its 
fides will alfo be determinable &om the data premifed. 

Let a rcprefcnt the line w q or qv 

h qp 

d — — — i w p 

g ' wv, the levd line of flotation. 

y qH 

U — . C jt 

We then have the following equations and proportions u y^a a •.•u ^ 

M a 

y 

haa 
K% a\ u\\b\y * .•s y'='hu^ zxi^ y y '=^ h a confequcndy j^ = 

Then 
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Then as h-a vg : : m-a :— t — = line X v; which will give the poli- 

tion of the intcrfe&ion of the lines of flotation. The value of ^ H hiving 
been acquired, that of C H the inclined line of flotation follows of courfe. 
The lines X H and v S will be .attainable, by the fimilar proporjtions of the 

two triangles pwv and H X z; as above fl:ated ; and X H x — will give 

the area of the triangle irtimerfed by heeling *• The mean centres ofgra* 

vity of the triangles immerfed and raifed out of the water (viz. a and d) 

wiU, according to well known principles, be at two thirds of the diftance 

from X along the lines X r and X / 5 thefe lines bifefting the oppofite 

faces of their refpedtive triangles s then C H (the inclined line of flotation). 

being aflbmed to be horizontal, the horizontal fpace between r and / will 

obvioufly be a meant between the lines C -S and w n : and as S H and s n 

are equal, it will therefore be a mean between C H and w s : confequently 

• . C H + w J, . 
the horizontal removal of the trianorle of immerfion will be viz. 



the inclined line of flotation + the level line of flotation x s\'. S. Ct. of z. ot 



heeling;, (rad. I.) 

The level line of flotation of the boat in queft:ion being 13.4375 feet, 
and tl^e angle of heeling 5*" 44' 21'' 5 the area of the triangle in queftion 
will bcy according to the preceding deduftions, 2.26728 fuperficial feet,, 
and its horizontal removal 107.5398 inches. The confequent lateral re- 
moval of the immerfed centre of gravity will be 6.09.15 inches, viz. as 
40.027 feet, the fedtion of the boat immerfed when laden : 107.54 inches,, 
the .horizontal removal of the triangle of immerfion ; : : 2.2673 feet, the 
magnitude of the triangle immerfed by heeling : 6.C915 inches, the lateral 
removal of the immerfed centre of gravity, which, divided by .i, (the na- 
tural fine of 5** 44' 21'' when radius is i.) will raifc the metacentre 60.915 

I. 

• The angle of heeling in the diagram C/g* UL f^u III.) is 12*», which is more than 
double what I have fuppofed to take place in Canal boats, and is drawn of that magnitude 
to make the explanatory lines snore fepaiate and di^d. 

inches 
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inches above, 120.148, the height of the centre of gravity iramerfed, and 
fix it at 81.063 above the bottom of the boat, viz. 39,513 inches above the 
centre of gravity of the boat and cargo, which will give apjower of refift- 
ance equal to 71.15 tons upon an arm of lever of 3.9513 inches, viz. a 
ratio of 281.13 tons and inches; a refifting force far fuperior to what is 
needful, and, confequently, the boat cannot ever heel fo far. 

According to the ruks for upright fided boats, the volume of the triangle 
immerfed would be the line of level flotation x N.Tt. z. of heeling, (rad.L) 

8 ■■ ^ 

= 2.26835 feet. The (pace of rtmoval, at two thirds of the width of level' 
of flotation, would be 107.5 inches; which, multiplied by the fum pre- 
ceding, gives a ratio of 243.847 in fuperficial feet and linear inches. The 
ratio, according to the method above proceeded on is-ili43.823 : therefore, 
under fmall overhanging of the boats fide, the operation may be Ihortened 
for all praftical purpofcs, by adopting throughcait the fame rules as for up- 
right fided boats. 

The power that was mentioned as necelTary to be guarded agaioA is that 
of the wind. To judge of that extent of it, under which the boat may be 
navigated, with the wind on one fide, the beft criterion will be drawn from 
what falls under univerfal obfervation, I -have found from different expe- 
riments, that wind mills generally begin to reef their fails ; and (hips clofe- 
hauled to reef their topfails, when the wind blows with an impulfe of two 
pound on a fuperficial foot; and under fuch prefllire it is pretty clear, that 
a flat boat oppofing an extended furface to a fide wind, could not be kept 
off the leeward bank, without greater head-way than is ufiially given by 
track horfes ; confequently, no further refiftance of moment has to be 
guarded againit. 

The height of the waggons when the boat has heeled 5*^ 44' 21^ will 
be lefs than 6 feet above the water's furface. The whole range of tl^m will 
be 60 feet long, and, admitting the projeftion of the ends of the boat to be 
equal to the vacancies in the lower part of the waggons, we have ^0x6x2, 
viz. a force of 72olbs. afting on an average height of 3 feet above the 

waters 
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waters furfacc. The refifting point will be nearly half the draught of water 
of the boat, which, if it have twelve inches depth of keel, will be a little 
more than 2 feet below the furface : confcquently, the above force would 
aft with an arm of lever of 60 inches, and be equal to a ratio in inches and 
pounds of 43200. viz. 19.285 tons and inches, which, compared with the 
retting power, is upwards of 14T to i. therefore, from any other caufe but 
that of avoiding the being blown afliore, there is nothing material to prevent 
the deck being raifed nearer the laden water line. 

As various cafes will arife different from thofe I have aflfumed, I fhall 
conclude with giving a theorem on the equipoife of (lability, coincident 
with the rules inveftigated by theoretic authors on Naval Architefture, 
and fufficiently felf-evident to need no demonftration. 

Let s reprefent the natural fine of the angle that may be heeled, radius 
being i. 

d the diftance between the centre of gravity of the boat and cargo and 
the mctaccntrc = line g w, fg. V. plaie 1. 

w the weight of the boat and cargo, 

Thefc combined, viz. sdwmll form the refifting power to overturning. 

Let p reprefent the quantity or preffure of the power tending to overturn 
the boat, or to keep it in equipoife in any pofition, 

b the arm of lever with which it a£ts. 

Then we have the equation o(sJw zz pb. from which the value of any 
one of the requifitcs to a ftate of equipoife may be found, where the reft 
arc given. 
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CHAP. V. 



On the Application of Wheel Boats and Inclined Planes to Collieries^ and 
In/lances in which that Syftem may be improved. 

The ufual method, in the great coal countries, is to lay waggon or rail* 
ways fix)m the different pits leading to one general way, which terminates 
at the river or navigation, where the coals are to be difcharged : fome of 
which railways are in Northumberland and Durham, from 6 to lo miles in 
length. 

The mode that fhould be adopted muft depend on the diitance the article 
Jias to be conveyed to the main river or navigation i and on the form or 
pofition of the intervening ground^ which I fhall clafs under the three fol« 
lowing general heads, 

I ft. Planes nearly horizontal, or with moderate declivity, and without 
valleys, 

ad. Gently declining countries, with deep valleys leading to the river or 
navigation, taking off the coaL 

3d. Mountainous countries. 

In the firft inftance, if the horizontal line point towards the place of dif- 
charge, a Canal of fome fpecies is clearly eligible, if the length require it : 
but, if the courfe of difcharge be in the line of gentle declivity, a railway 
would generally be the beft. In the fecond inftance, viz. of deep valleys % 
it is fufficienily plain, that fome part of the bottom of the vale would be 
a proper place for difcharging the water of the colliery by a drift, which 

would 
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would cither reduce the lift of the water, or lay the colliery quite dry : 
In either inftanccs, particularly the latter *, the drift may, as obfcrvcd in a 
preceding Chapter, be made navigable for boats of about four f feet width, 
fuitable to the bafkets or boxes, in which the coal may be brought from 
the face of the works, and be condniied as a Canal along the fide of the 
vale, until it attain the level of the fiat country. Then, if thediflance to 
the river or navigation be fhort, or otherwife unfavourable for the conti- 
nuance of the fmall boats, they may difcharge their contents to be led away 
in waggons. But if, by defcending to the bottom of the vale, a confider* 
able length of level can be obtained in a proper diredion, an inclined plane 
for the boats may then be advifeable. 

In the 3d inflance, that of a mountainous country ; there, generally, will 
be fufficient difference of elevation on a regular acclivity, tranfverfe to the 
line of Canal to obtain long levels : If otherwife, a rail-way will clearly be 
the beft. 

If a Canal be relblved on in any of thefe inftances, it will become a 
matter of enquiry, what nK>de of it (hould be adopted : but, previoufly to 
the difcuflion of this point, I will confider how far wheel-boats may be 
made ufe of under-ground. 

In the ^rcat coal mines of Worfeley, there are Canals on three differ- 
ent levels. The firft is on the level leading all the way to Manchefler, 
which branches to the ri^t and left in every feam of coal that it paffes 
dirough : in each of which, by means of drifb at regular diftances, the 
coals arc brought down the declivity of the feam to the boats* 



* In this, the navigation would, of courfe, be continued through the level of every ftaV' 
of coal interfe^bd. 

f Boats of this width will frequently be fufficient if the coals be brought out in boxes or 
bafkets fuited to the land conveyance in the mines. The bafkets> if circular, are in moft 
places called Corves, and when fquare, or if with fledge bottoms, their name is more local. 

G 2 From 
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It is obvious, that the diftancc which the coals may be brbught down, 
will progreflively become fo great as to be attended with material expence : 
From this caufr, the Duke of Bridgewater has found it convenient to run 
other levels through his coals at a height confiderrbly fuperior to the tun- 
nel from thd Manchefter Canal, whith interfcds all his feams, and from 
which other Canals branch, as already obferved. 

The higher Canal where it crofles the main tunnel, has a pit communi- 
cating with the fide of it, down which the coals are fent from the upper to 
the lower boats, and by their defcent riaife a proportionate quantity of lime- 
ftpne up another pit to the furface of the ground. The charge of the oper- 
ation is not great ; but the frequent delay attendant upon this method, is 
fuch, as may render it eligible in fomc inftances to convey the boats them- 
fclves from the upper to the lower Canal* j and in all fituations where the 
dip or fall of the feam is fufficiently great, for the weight of the laden 
boats to overcome fridion and other impediments to drawing the light ones 
up, I conceive the fyftcm of inclined planes and wheels under the boats 
might be adopted with advantage. It may likewife fometimes be fo> where 
the navigation through the coals is below the principal level ; but, in both 
cafes, if the coals have to be drawn up a pit, it will frequently be better 
to communicate between each Canal and the pit, by a navigable ftonc 
drift i the propriety of which muft be determined by the probable coft of 
the drift, and the quantity of coals that would have to pa& through it. 

Parallel Canals along the feam of coals, if eafily executed, would be eli- 
gible every 2 or 300 yards, at leaft, and would require fo many drifts or 
tunnels to the pit. The more diftant tunnels would become long and ex- 
penfive ; therefore, if the depth of the pit and the feeders of water be not 
very confiderable, it is obvious, that new pits (hould be funk to correfpond 
with every Canal, or every other one, according to circumftances. If the 
inclination of the feam be moderate, and it be not eligible to fink more 
pits than one, it will be adviieable to fink deep enough to correfpond with 

* They were htft year preparing to da this^ by cutting an inclined plane throogh the 
itone and other ^au, which I am informed is now completed* 

the 
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the fiirtheft propofed Canal through the coal, and to run a navigable tun- 
nel to interfeft it. The intervening Canals through the coal, may com- 
municate with this tunnel, where they crofs it by pits, down which the 
coals may be lowered to other boats. This may be rapidly done by pro- 
per machinery, as the baflcets * or boxes will only have to be lifted above 
the fides of the upper boats : but, where the quantity is very great, it may 
often \e advifeable to form deep inclined planes for wheel- boats, taking 
care, of courie, that the extremities be fufficicntly horizontal, 

I by no means defign to infer, that fubterraneoxis Canals are proper in 
all collieries. Thofe, whofe beds of coal lie nearly horizontal, and are 
much troubled with dykes or filTures, raifing or deprefling the ftrata on 
each fide, and have, at the fame time, but one workable fcam are under 
the worll predicaments ; as the re-obtaining of the level of the Canal, in 
the coal, on eroding a dyke, would be attended with a comparatively 
great length of ftone drift, and no opportunity afforded of ftriking into any 
other feam, brought nearly to the fame level, by the rife or fall of the 
ftrata on the other fide. Alfo, in collieries favourably circumftanced for 
the formation of Canals through their feams, they can only be eligible 
where thofe Canals communicate with fome other navigation, as at Worfe- 
ley i or their depth below the furface, or other caufe^, prevent the pro- 
priety of having pits near to each other. The ineligibility of many pits 
in deep coUieries, particularly where the water is to be drawn a great heght, 
is often fuch, as to render fubterraneous Canals eligible, under a confidera- 
ble degree of the unfavourable pre^cameots mentioned. 

As the Duke of Bridgewater is the parent of Canals in thefc kingdoms, 
and the country ftands highly indebted to him, I fhall draw another ex- 
ample from his collieries, to explain how the coals are raifed from the 
feams below the level of his great drift or tunnel, that communicates with 
the tranfverfe branches. 

• Thefe bafkets or boxes being the fame as the coals are firft filled into at the &ce of the 
workings* unlefs, from local circamftances they be very imall, and then it maybe eligible. 
10 ihoot them into larger boxes as at Worfeley. 

The 
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The boats in the lower Canal contain a number of fquare boxes exa6Uy 
filling them acrofs, and Handing clofe to each other. The coals being 
filled into thcfe boxes, the boats are then brought under a pit funk from 
the fide of the main tunnel from the Manchefter Canal i to which, by 
means of water tubs defcending from the furface of the ground to that 
tunnel, the coal boxes are drawn, and are then placed in other boats to 
convey them away. 

In diftrifts where the coals are not conveyed out of the mines by drifts 
as above-mentioned, but up coal pits to the furface, and have to go from 
thence a confidcrable diftance 5 they may either be filled at the mouth of 
the pits into wheel-boats and lent forward, as already defcribed by fmall 
Canals to the coal-ftaith or main navigation: or they may be fent in 
wagons to be placed on the decks of boats — Likewife, whenever coals in 
large quantities, lime, lime-ftone, or other minerals, have to be cx>nvcyed 
along Canals where there is a fcarcity of water, it will be eligible where it 
can be done, to overlap the levels in a fteep place, and communicate them 
by an inclined * plane for boats, or a double rail- way for waggons, leaving 
the lock communication to anfwer all the general purpofcs of commerce, 
and to occupy as Ihort a fpace as it can. But, where there is no aid of 
exifting Canals, and circumftances are favourable for long levels, 1 think> 
that in place of wheel-boats from every pit, which would inevitably, in a 
fhort time become leaky, it would be better to make ufc of waggons to go 
into fmall boats, in a fingle range, and for one horfe to draw a couple of 
them. The points then to be attended to, will be, that the boats occupy 
as litde width of Canal as may be, without being liable to overturn, or to 
draw too much water for fords« 

Confonant to thefc requifitcs, a boat of 6 feet 6 inches width of bottom, 

J • and 3 feet 6 inches height, with each fide overhanging three quarters of its 

■'' vertical height, to the extent of two feet above the bottom, and then 

* Ttus may be eligible where branch Canals on the fmall fcale bring in a great quantity 
of carriage ; but if otherwife, and there be a general fcarcity of water not to be remedied 
hy refervoirs^ then the methods of Mr. Weldon or Mr. Rowland, or fimilar plans, muft be 
re&rted to. 

curving 
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curvmg upwards fo as to make the foil width only lo feet 6 inches, will 
be found fuitable i as at 36 feet length (cxclufive of the ends) it will cany 
4 chalder waggons, at nearly 2 feet 3! inches draught of water, 

I propofc two of thefe boats to be drawn by one horfe ; and fteered by a 
fliort fteer-beam, fixed as already defcribed. If both ends of the boats be 
fquare, they muft be kept fo far afunder as to admit of forming a fufficient 
angle in fleering. 

The fole alteration of the wagons from thoft defcribed before, is, that 
I propofe their wheels to be 18 inches, in place of two feet diameter j and 
the height of their bodies 3 feet 6 inches, in place of 4 feet : which defi- 
ciency of height will be compenfated by making the bottom one foot 
wider than the former, and nearly of the fame length as the top, which 
will only require an additional fct of falling leaves at the bottom,—- Thefe 
waggons, admitting the raifed heap of coals to average fix inches above 
them, will carry their centre of gravity (with the fame allowance as to 
wheels, &c. as in the preceding eftimate) at two feet one inch above their 
bottom; which being three inches above the axis of their wheels (of 18 
inches diameter and treading 15 inches above the boats bottom) fixes the 
centre of gravity of the cargo at 4 feet 4, or 52 inches. 

The boat may draw Tefs, but will be aflumed to draw 9 inches water : 
its width of flotation will theiif be 7 feet ji inches, and the weight of one 
waggon, of 68 Cwt., refting on 9 feet length, will fink it; as already ob- 
fervcd, to nearly 2 feet 2i inches. 

The centre of gravity of the boat will be nearly at 15 inches fi-om its 
bottom, fo that the difference between the two centres, will be (52 — 15) 
=37 inches. Their proportionate gravities, according to the premifes, 
will be 5.28 and 13.6, fo that the mean centre of gravity will be raifed 
26.65 inches and be at 41.65 inches from the bottom. At 2 feet 3I inches 
draught, the laden width of fiotation will, in the form defcribed, (vide 
plate 111. figure 2) be nearly 9 feet 10, or 118 inches; which, according 
to the approximate method of proceeding, defcribed in the preceding chap- 
ter. 
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tcr, will, on heeling 5* 44' 21*" raifc on one fide, and immcrfe on the other, 
a triangle of 1.2 146 fupcrficial feet, and remove its centre of gravity 78 t 
inches, which will remove the centre of gravity of the whole mafs, of the 
feftion 18.88 fuperficial feet, 5.060 inches laterally, and fix the mctaccntre 
at 50.6 inches above the centre of gravity immerfed : which, according to 
the rules already explained, will be nearly at 14.7 inches i and, confequent- 
ly, the metacentre at 65.1 above the bottom, and 23.45 above the centre 
of gravity of the boat and cargo, which is above all refiftance that can be 
required. However, as, from the narrownefs of the boat's bottom, it may 
have the appearance thit it will be otherwife when it is light i I (hall alfo 
inveftigate the circumftances of it in that cafe. 

The light waggons being aiTumed, as before, at 15 cwt.^ and occupy- 
ing 9 feet length, their fedion of fupport in the water will be 3 * fuperfi- 
cial feet, the increafed depth 4.55 inches; and the boat's line of flotation 
98.325 inches (correfponding with 13.55 inches draught.) — ^Then, ad- 
mitting the centre of gravity of the light waggons to be 2 feet 4 inches 
above their tread, or 3 feet 7 inches above the bottom, which is full as high 
as it ought to be j and taking, as before, the boat's centre of gravity to be 
15 inches, there will be a difference of 28 inches, which proportioned ac- 
cording to their mafles, will fix the mean centre at 25.145 inches above the 
bottom. The centre of gravity immerfed is according to the premifes, at 
7.035 inches, and the effcft of heeling 5* 44' 21*' well, according to the cal- 
culation for boats with overhanging fides, remove it 6.51472 1 inches la- 
terally, fo as to fix the metacentre at 72.1822 inches above the boat's bot- 
tom ; and conftejuently 47.0372 inches above the centre of gravity of the 
boat and cargo: therefore, there will be a weight of 8.28 cubic feet of wa- 
ter on an arm of lever of 4 70372 inches = 2434. lbs. and inches J, on 
every foot length, to refift any overturning force 5 and as the waggons in 

♦ That of the light boat is 5.28, and confcquently the whole is 8.28. 

"t Triangle immerfed .829098 removed 65.061, as 8.28 : 65.061 : : .829098 : 6.51472. 

t ^70372 X 8.28 X 62^ (the weight in lbs. of a cube foot of water =: 2434 lbs. and 
inches. N. B. Where the weight has been calculated in tons, 36 cubic feet of water have 
been afliimed as a ton in place of 35«84. 

the 
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the light boat will, when heeling, be 5 feet above the watcr!s furfacc, and 
the half depth will then be about 10 inches; there will, with a wind of 
two pounds to the fuperficial foot, (admitting the waggons to occupy the 
whole length) be an overturning foYce of lolbs, x 40 inches, = 4co]bs. and 
inches, which will leave a fparc refifting force of 2034lbs. and inches; equal, 
as the top width of the boat is 10 feet 6 inches and the line, m », 59.66 
inches, to a weight on the gunwale of 34lbs, on every foot in length, which 
is more than there ever need be, and confequendy no impediment can arifc, 
if the boat be kept going with fufficient velocity to prevent it from being 
driven afhore to leward« ^ 

According to the method of calculation purfued for upright-fided-boats 
of the fame width of flotation line, the triangle immerfcd would have been 
.8434, and die fpace -removed 65.55, which would raife the metacentrc 
above the centre of immerfion nearly^ part more than true calculation, 
viz. 1.622 inche^s; which, where there fs much room to fpare, as in the 
prefent and preceding inftance, would be of little moment : but, where the 
metaccntre barely rifes above the conjoint centre of gravity of boat and 
cargo, the difference, under large angles of overhanging of the boat's fides, 
will be material. 

In figures i and 2 ofplafe III. M. G and E fhew the pofitions of the 
metacentre, combined centres of gravity of boat and cargo, and centres of 
gravity of the part immerfcd, when the boats are laden, and under the 
given inclination : and m, g and e,fig. 2, Ihew the fame pofirions when the 
waggons of fig. 4 (of yfh\ch,fig. 2, is the profile) are empty. Whence it ap- 
pears that mis the arm of lever, with which the weight, of the boat and 
waggons refills any overturning force ;^nd m n (which is equal to the fe&ion 
of the angle of heeling, the half width of the boat being radius, — the fine of 
the angle of heeling, the vertical * height of the metaccntre above the de- 

• This vertical height is the fine complement of the angle of heeling, when the radius 
is the difference (on the bifefting line of the boat) between the metacemre and the height 
of the boat's gunwales + the fine of the angle of heeling, the half width being radius. 

' In praaical inllances, the admeafurcraent on the line /» » on xkazjiguri^ or diagram, may 
fuperfede the calculation. 

H * pfcfled 
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prcffcd gunwale being radius) is the arm, with which any weight upon the 
gunwale would aft. 

As the boats. No. i and 2, are propofed to reft with their cargoes in 
docks, they are ncceflarily flat bottomed, and the flat part (hould at Icaft 
extend as wide as the railways of the waggons, that they may have a firm 
fupport. The form o{Jig. 2 is calculated for a limited depth, in a narrow 
Canal ; and fo as not to cut its banks, and may be improved by fwelling out 
the ftreight part of the fide in a gentle curve. Fig. i admits of being con- 
fidcrably fo by adopting the curved form of the fides fliewn by the dotted 
lines } which, by leflining the injury to the Canal-banks, would more than 
compenlate any greater expence there may be in conftru6ting the boat, or 
in obtaining proper knee timbers of that form. The cafual injury to the 
banks from particular forms of boats, although of no immediate moment to 
the boat owner, is of material coniequence Co the Q^nzl proprietors^ and 
deferving of attention in their bye*laws. 

To enter into a difcuffion of the correft methods of obtaining the depths 
of immerfion, the lines of flotation, and metacentres under thofe forms» 
would be unneceflaryj as the reader will clearly fee, from the preceding 
examples^ approximate methods of obtaining them fufiiciently near for all 
praftical purpofes. 

Thefe boats, as already defcribed, fliould be laden and delivered in a 
dock, nearly of their form : the bottom of the dock, to prevent accidents 
from Hones being thrown in, may confift of a number of tranverfe ribs, 
fufficient to fupport the boat; and with cavaties between them. The 
fame circumftance fliouId, of courfe, be attended to in the dock for the 
large boats. 

It has aheady been fuggefted, that the ends of the boats may be of leavea 
to be let down : which, being fo narrow as only to admit the wheels to 
pafs, will be no way unmanageable i and, in boats carrying two ranges of 
waggons, fliould confift of two pafts> viz. a feparate * leaf for each range : 

• It is fcarcely neceflary to iky that they mail ihut againft a liiung of bend-leather, or of 

coarfe woqllen, or other comprei&ble fubilance, to keep them water tight, 

and^ 
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and, they need only be at one end, unlcfs the inconvenience of turning 
the boat be deemed of moment. 

As thofe fingle ranged boats are propofcd, principally, for the ufe of 
collieries, and for the faving of railways, which arc not only expenfive in the 
firft conftruftion, but even in their maintenance; it' remains to be confi- 
dered how for the propofed Navagation will come within proper bounds as 
to charge. 

This muft depend on the nature of the country, which I have fufficiently 
clafled, and defcribed. The dimenfions of the Canal need be no deeper 
than for the wheel-boats, viz. 3 feet 6 inches in-clcar water, and a feet 
6 inches over the pivcd fords: but, it will require' to be 5 feet broader in 
the bottom than eftimated for thofe boats, viz. to be 14 feet at the bottom 
and 24. feet 6 inches on the water's furface in pkce of 9 feet, and 19 feet 
6 inches. The difference of expencc will be inconfiderable. Each run- 
ning yard of level cutting will contain ^i cubic yards of earth, which at 4d. 
would only be equal to as. 6d.; to which is to be added the track-road, 
highway bridges, tunnels, &c. &c.; all of which will depend on local cir- 
cumftances : but, in favorable fituations, will coft lefe than a double railway 
of timber only, and not require nearly the repairs, and be attended with the 
advantage of a horfc drawbg 8 large waggons in place of one. 



H 2 CHAP. 



( 6o ) 



CHAP. VI. 



On the application of Inclined Planes to the Great Rivers of Americay 
or on the Continent of Europe ^ ivitb Obfervaiions on the Navigation of 
Rivers and Lakes. 



Great rivers, in their natural (iatc, arc moft of them unnavigablc \rt 
dry feafons for any confiderable extent, through want of fufficient depth 
of water in the rapids ; and if navigated from their mouths to their head 
branches, they frequently ufe different vcffels, as in the Ohia> for the con- 
veyance of the fame cargo in different diftrifts of the river> according ja 
the depth of water, the gendenefs or rapidity of the current, and the means 
of advancing againft it. 

In the higher diftrifts, many of thofe veffels would be fuited for pafTing 
on carriages, up or down inclined planes ; and might, with propriety, be 
transferred by fuch conveyance to different kvcls of canal, fo as eventu- 
ally to pafs through any gap of the Allegany Mountains, or of any other 
ridge, feparatlng rivers of contrary courles; but, in the rivers themfclves^ 
inclined planes will very feldom be advifeable, particularly in thofe that 
rife 15 or 20 feet or upwards. The- banks of fuch rivers would not often, 
without great expence, admit of a guard Lock and Canal from the head of 
a fall, to fuch diflance downwards, as to place the head of the inclined 
plane out of the reach of the floods. The inclined plane navigation in 
rivers would always be dependent on Locks, to the extent of the rife of 
floods ; and at thofe periods the rife uncovered below the Locks would, in 
fmall falls be trivial, if any thing at all, and attendant with all the trouble 
of paffing great heights. The expence of their conftrudion would, like- 
wife, be nearly the fame. In rapids, the declivity -would, in general, be 
too gentle to ufc the inclined planes in dry feafons, without the aid of a 

long 
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long collateral Canal : and the quantity of dcfcent would moftljr be too 
inconfiderable to render the iife of thofc planes eligible. Thcn^fore, they 
would rarely be luicable in rapids, and never in Imall falls. In the large 
falls they can f.ldom .be advifeabk, but in the higher parts of the rivers, 
where only canoes or batceaux are ufed. The Cohoes fall, near the mouth 
of the Mohawk, may be an exception on account of the general rapidity of 
the rirer. 

The falls of the Potowmack, above Wafhington, differ from the pre- 
cedir^ inftance, in their occupying a confiderablc length of the river, in 
place of being precipitous, like the Cohoes, which is 75 feet perpendicu- 
lar ; and in the Potowmack, being fuited for much larger vci&ls thaa the 
Mohawk. 

The great fells of the Potowmack arc 14 miles above the City of 
Wafliington, and defcend 72 feet in one and a half miles length of the 
river. The little falls defcend nearly 37 feet in about two miles length, 
and are four miles above the City- In the year 1794, thcfe were fix Locks 
building to pafs the upper falls, and three to pafs the lower *. 

The length occupied by falls, will no^ fimply in itfcif, militate againft 
inclined planes, becaufc there are many inftances where a Canal, on one 
level, may be continued from the head of a feries of fmall falls, to a fteep 
declivity at their termination, where the whole fall may be obtained at 
once; but in general, it* will be found lefs expenfive to adopt different 
levels, (uited to different portions of the fall, to which the Locks may alfo 
be fuited. 

Inclined planes, according to fbme of the methods mentioned in the firfl 
Chapter, and explained in the fubfcquent one, may be applicable to veffels 
of 1 5 or 2I5 tons, but would not, I think, be eligible where there is plenty 
of water, and proper fituations for Locks and their intervening ponds: aa 

* Obfervations on the river Potowmack and City of Waihington, pabliihed at New York,, 
in 1794* 

Locks 
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Locks on an economical plan^ and complete in their eflential parts^ might 
(where materials are at hand, as they generally are in fuch fituations) 
be built on falls not exceeding 30 or 40 feet, at as litde expence as a 
double inclined plane and its apparatus j and with fuqh boats would, in all 
cafes, be attended with lefs hazard. In lower falls, if even precipitous. 
Locks and their Canals would be the lefs expenfive of the two methods.— 
In great falls, as already implied, much will depend on the length of river 
occupied by the fall, and the circumftances of its adjacent Ihore. 

In general, in great rivers, where partial contraftion will not give depth 
in the places wanting it, or the current is too rapid to be navigated againft. 
Locks have decidedly the advantage. 

It not being the defign of this effay to difcufs how far Rivers or Canals 
are preferable to each other, I Ihall confine myfelf to a few general obfer- 
vations. 

Rivers, with fimilar declivities and impediments, and of equal magni- 
tude as to the quantity of water paffed to the fea in the courfe of the year, 
may be eflentially different as to the duration of time they may be navi- 
gable. If fupplied from great lakes, their navigation wiU be more uni- 
form and more fuited for boats afcending, than if more imn^ediately effedt- 
cd by rains. Much alfo depends on the foil, the fuperior ftrata, and the 
declivity of the adjacent country, as to the abforbtion and flow tranfmiflion 
of incidental rains. 

In fuch great Continental rivers as have not the aid of lakes to equalize 
the paffrng off of the dreams that fall into them, the winter's fnow in cold 
climates, anfwer, to a material extent, the fame end ; as, in the courfe of 
their diffolving, they give a confiderable duration to the navigable period, 
which fo far as it may be fliorter than it would be with the intervention of 
lakes, is counterbalanced by an increafe of depth} which, in fome inftanccs, 
is of more moir.ent than longer duration. In warm climates, the fame end 
is produced by the length of the periodical rains. 

Wheft 
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When a country is thinly inhabited, and the objefts are few, or not va- 
luable, or capable of floating themfclves, any tennporary water conveyance 
is of moment ; although only prafticable in frefties or after the melting of 
the fnow. As population and commerce increafe, it becomes advifeablc 
to remove fuch impediments, m thofe rivers, as are eafily effefted, and, 
then, if the chief part of the conveyance be downwards, and no catarafts in 
the way j and timber to build temporary veffcls be convenient, and labor 
not high, the principal objefts are attained, as is the cafe on the Duna, and 
on the Rufs j where hemp, flax, &c. arc brought down on rafts of fir tim- 
ber, and in temporary veflTels of 2 or 300 tons burthen, all which come 
down in the flooded feafon. 

Thefe veflels arc flat bottomed, and flightly conftrufted for the pafl[age* 
down only; being afterwards broken up for fire wood, or any purpofc. 
For thofe objefts the Navigation defcribed is prefereable to any other that 
is attainable ; as the current of the river efftfts, what would require the 
aid of many horfes in the Navigation of a Canal, exclufive of the charge 
requifite to reimburfc the expence of forming it, which circumfta^ces more 
than counterbalance the conveyance againft the ftream of a comparatively 
fmall quantity. The inconveniences of that conveyance, depend on the 
duration of the dry feafonss the magnitude of the boat which the river will 
admit of, and the means of advancing againft the ftream. A ftrong and 
favorable wind is undoubtedly preferable to all other means 5 but, in gene- 
ral, is too uncertain. Of the remaining methods, hauling is the beft, but it 
requires a fliore free from trees and bulhcs, and fufiicient depth of water at 
no great diftance : poling, or fetting, which cannot be done where there is 
much depth of water, is the next, and rowing is the worft f of all : yet> 
even under the laft predicament, the Navigation againft the ftrong current 
of the MifliflSppi, from New Orleans to the mouth of the Illinois^ a dif- 
tance of about iacx> miles by thccourfe of the river, and near to 700 in adi- 

♦ Where rivers are of fufficient depth, as from the lower part of the Illinois down the 
Mifliffippi^ fea veflels may be built, and difpofcd of wish their cargoes, as has been in con* 
tcmplacion. 

t With the flream it is clearly the beft. 
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reft line, was performed * by the French traders in little more than ten 
weeks, with twenty oared boats carrying 20 tons, confequently, admitting 
30 men to be a proper crew for one of thefe boats j which would allow the 
people, during the day, to row two hours and reft one -, the expence of con- 
veyaflce (the boat excluded) would be equal to about 105 days wages of one 
man, for conveying a ton of goods the diftance of 700 nules, or one days 
wages for nearly 7 miles, in a direft line; which, in the ufual circuit of Ca- 
nals, may be eftimated at about 9 miies. This, at the rate of wages in a 
populous country j and fuch a country only could afford Canals, would be 
fiiUy as cheap, even upwards, as boatage and CSnal dues. Downwards, the 
advantage is decidedly great, as the paflage would be performed in about a 
fourth of the time, and with veflels of greater magnitude. Thus, it clearly 
follows that, in point of political economy, extenfive rivers are, generally, 
far preferable to artificial Navigations j and all that is left for man to do, is 
to endeavour to remove the obftacles in them, or to pafs thofc impediments 
by Canals and Locks fuited to the fpecies of boats th.it the river admits of: 
but, towards the fources of thefe rivers, where they become fmall, and have 
many rapids, the time will probably arrive, when the temporary Navigation 
they are capable of, will not be equal to the wants of the country; and 
collateral Canals will be requifite. At this period, the land will have be- 
come valuable : it will, therefore, be advifcable, in a rifing country, to lay 
out thofe lines approximately on its firft ftttiement; referving a proper 
width for them, in the original grant of the lands, with power to exchange 
the land of that line, for any other found more convenient, on a full invefti- 
gation; and, thus, avoid all the difficulties attendant on thofe meafures in 
England. 

The general preference that I have given to great rivers over artificial 
Navigations, will by no means univcrfally hold, of which many inftanccs 
might be adduced. 

The river St. Lawrence, from Montreal to Kingfton at the entrance of 
Lake Ontario, is about 160 miles; eight leagues of which is widely ex- 

• Vide Captain Harry Gordon's Journal, in Appendix to Governor Pownal's Topogra- 
phic Dcfcription of America. 
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pandcd, and forms lake St. Francis, where the current of water, if any at 
all, muft be triviaL The upper part of the river is gentle ; but the re- 
maining diftancc of nearly loo miles, is a fcrics of rapids*, which makes 
the Navigation difficult, even with batteaux carrying 35 to 40 cwt. The 
paflage depends partly on the wind on Lake Francis, which frequently de- 
lays the batteaux for feveral days. Th/e whole paflage, from Montreal to 
Kingfton, is fomctimes performed in 9 days, or in Icfs time, but is, gene* 
rally, from 2 to 3 weeks, or upwards, fo that they do not average 10 miles 
a day, and that with great labour, generally with 8 men poUiig againft the 
ftrcam ; anc^ occafionly, as in other fimilar rivers, getting into the 
water, and haulingjthe batteaux over the fhoals. They often perform the 
voyage downwards in 3 or 4 days; but, on account of the danger of run- 
ning againft rocks or ftones with the great velocity they defcend with, the/ 
only carry about half the lading which they take upwards. 

The freight up, is, as I am informed, generally i6s. per barrel of aSolb., 

equal to 61. 8s. per ton for the whole diftancc, or 9id. per ton per mile : 

confcquently as dear as land carriage in fony: parts of England. In this 

inftance, the utility of a Canal becomes obvious; notwithftanding the St, 

. Lawrence has the advantage of ifluing from great lakes. 

Upwards, from Port Kingfton, packets^ or fea veflcls, of 2 to 3CX) ton3 
or more, navigate Lake Ontario: and, obvioufly, can carry articles much 
cheaper than batteaux, or canoes, which are ill-fuited to large lakes 3 unlefs 
Ihjeltcred from the wind, by the fliore or by iflands. There arc, however, 
many inftances where imperfeft Navigations admitting of diipatch, are pre- 
ferable to others, much cheaper, that are attendant with delay, which arifes 
from the fame principle, that land carriage, by waggons, is preferable ta 
fea conveyance; and the more expenfive carriage of articles, by coaches;, 
preferable to either : but this can only take place in articles of high value. 
On this principle, canoes of birch bark, carrying from 3 to 4 tons in pack* 
ages of 80 or loolbs. weight, are navigated, by about 14 men, from Mon- 
treal to Machilimakinac, frequently in 15 days, afcendmg from Montreal 

* Here and throoghout this work, I include rifts (or finall 6Ils navigable for canoes or 
batteaux) under the general denomination of rapids. 
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vtp the Outawa, carrying the cargo and canoe paft the fide of fcveral Ste^ 
falls on that river, and over the carrying place from it to lake Nipiffing^ 
through which, and down the French river, they proceed to lake Huron, 
and along its north fliore to Machilimakinac. The whole of this diftancc 
is nearly 600 Englifh miles, and clearly proves that fidls and portages are 
impediments for inferior to long continued rapids. The ridges of rocks, 
which form the fells, penn up the water above them, and anfwer, naturally, 
the fame purpofe as Locks and Weirs, in IKUing the current, and giving 
depth of water, which Governor Pownal^has juftly obfcrvcd in his Topo- 
graphic account of America^ • 

With articles of fiich high value as fiirs, that have aHo to be coJleftcd in 
different rivers, and confcquently, with the goods fcnt to purchafe them, 
the line of navigation defcribed would probably be eligible, if even a fliip 
<:ommunication were open between lakes Ontario and Erie* 

?n mixed navigations, where Lakes, Rivers, or Canals alternate with 
each other, and where the lakes are fo fmall as not to admit of the expencc 
and delay of tranfhipping the cargoes at each end, the commerce will be 
beft carried on in boats that are not too large for rowing, particularly 
where there are any narrow paffcs among Ihoals, through which fuch vcffels 
as the river would otherwife admit of, could not turn to windward, and 
where towing paths could not be conftruded. In thefe cafes, boats ihca-* 
pable of rowing, would often be fo long delayed by contrary winds, as to 
add more charge on the tonnage conveyed, than would take place in boats 
of 10 to 20 tons, capable of both rowing and failing; exclufive of the de- 
cided advantage aridng from fuperior expedition, and from the lefs delay 
in lading and delivering, particularly if the cargo have to* be coUefted ia 
different packages. But, where the quantity of commerce is great, and' 
the articles bulky, then, wherever prafticable, it will be advifcable to pafs 
fuch lakes by a collateral Canak 
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The Czar, Peter the Great, fet a praife worthy example in the Canal of 
Ladoga, through which there paffed in the year 1778*, four thoufand nine 
hundred and twcnty-fcven reffels, which, through the large lake of La- 
goda would have been attended with great danger and delay, particularly 
as the veffels are, from the nature of thtf upper Navigation of the rivers, 
and other caufes, ill fuited for the paffage through fuch a lake. 

Having given my fentiments againft inclined planes, on the great falls in 
the lower parts of rivers, on the foundation, principally, of changing the 
article of conveyance, we may now examine their eligibility where a necef- 
fity of that change takes place. 

A communication between the lakes Ontario and Erie, for the (hipping 
that navigate thofe liakes would be highly defireable ; as then, the fame 
veflfcls might navigate the lakes Michigan, Huron, Erie, and Ontario :— * 
but the height ot the cataraffc of Niagara f, and the fall and continued ex- 
.tent of the rapids are fuch, as to preclude at this period, the idea of fuch a 
navigation : therefore, as tranfhipping is rcquifite, and great falls are fuited * 
to inclined planes, that fyftem, as being attended with difpatch and fmall 
cxpencc, appears fo far to be favourable. 

Deficiency of local knowledge mi^fl prevent a decifive opinion on what 
meafures ought to be adopted 5 but I can fcarcely hefitate to fay, that 
wheel-boats would be ineligible even there, becaufe of their incapability of 
carrying many of the articles wanted to be transferred, and their being to- 
tally unfuitable to enter the Streights of Niagara : confequently, if inclined 
planes be there preferable to other methods, it mufl be on the plan of con- 

* Travels through Sweden, Ruffia, Denmark, &c. by W« Coxe, F.R.S. Since that' 
period^ I fuppefe, the nomber has confiderably increafed. 

f The fall of Niagara is about 240 feet, and, inclufive of the rapids immediately above^ 
and for about three leagues below, is fuppofed to be more than 400 feet. Were it fimply 
like the falls of St. Mary, feparating lake Superior from lake Huron, the magnitude of thr 
olyed in the prefent ftate of population, would probably wauant fnoh an undertaking as • 
navigation for .(hips. 
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veyingupon carriagesj boats of 8 or iq ton^> more or lefs*; whcr^ 
upper termination be at the end of the prefcnt portage above t!v 
rapids, or extended fo far collateral to the Iwift running ft rem 
make the fubfequent navigation perfeftly eafy to (hips. In t!u 
dicament, it is clear, that after the goods have once been plac 
to go upwards, and brought to the end of the Canal and ! 
rapids, it muft be more eligible to take the boats forward by t! 
ftrcam where it is weak, than to permit the Ihips to come ti- 
they could not depart without a ftrong and favourable gale -, 
cipal trade, as to bulk being downward, ic is clearly the bv. 
articles down ftream without the ihips. 

In the remaining predicament of continuing the Canat :- 
entrance of lake Erie, to fome port or placp where Ihips mi-- 
to whar^, dividing them from a bafon at the head of the Canai. 
boats in queftion would, as already faid, not be eligible, throu.^ 
capacity of taking in feveral of the articles, and their being ill- 
conveyance of many of the others. 

* Probably lefs in the firfi inllance fiated, and oore in die latter* 
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CHAP. Vin 



Defcription of the Internal Nnvigation ofCbina^ with Remarks an tfs 
Principles i and further Obfervations on Rivers and Inclined Planes. • 

Sir George Staunton's acconnt of the travck of the late Britifti Em- 
bafly in China, affording an ample defcription of the artificial navigations 
of that Empire, which laysclaim to a longer and more uninterrupted period 
of civilization, than any other nation of the globe : I prefume a few com- 
ments on the flcill they have attained in overcoming afcent and defcent, the 
great difficulties in that art, will not be unacceptable even if attended with 
no inftrudtion, I fliall, therefore, avail myfclf of the information given 
in the account of the Embafly, and draw from thence fuch conclufions a& 
k may warrant. 

The Chinefe, in their interior navigations, appear tip have excrcifed lefi 
of the inventive than the imitative powers; as all their attempts in that ufe- 
fill fcience, amount to nothing more dian a fervile imitation of Nature, in 
the navigation Ihe affords upon thofe rivers, where the quantity of water is 
fuch as to give depth, notwithftanding the inclined pofition of their furfacc. 
Where that inclination is fmall, they have obferved that both depth and 
width of furface may be combined, but that where it is great, the one of 
thefe muft ceafe to be extcnfive -, and where from natural caufcs, the width 
has done fo, a navigable depth has ilill been retained, notwithftanding the 
rapidity with which the water runs off*: they have alfo obferved, that thofe 
rapids, even when contracted, are not navigable in dry feafons in the 
(mailer rivers, which naturally fuggefl:ed the idea of preventing the wafte 
of water when not immediately wanted for the paffage of boats j from 
whence arofe the plan mentioned in 4th article of the ift Chapter of this 

work. 
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wore, which the Chinefc have purfucd as well as the Europeans, pro- 
bably without either copying from the other. ' 

On thefc principles, they have invented their juftly femous Canal, which^ 
running through an extent of upwards of 500 miles, conjoined with the 
aid of natural rivers, gives, with the exception of one carrying place, an 
interior navigation nearly from the North to the South of the Empire, 
through an extent of upwards of 1 6^ of Latitude, viz. from Tong-fchoo-foo 
within I a miles of Pekin, to Canton, the great mart for their foreign com- 
merce. 

To effeft this purpofe, it was only requifite to unite the Yun-leang- 
ho, orEu-ho, with the river Yangtfe-Kiang, a diftance of about 350 geo- 
graphic miles in a direft line, which the comparatively flat flate of the 
intervening country eafily admitted of; as the fall from the fummit, either 
way, did not exceed that of many navigable rivers^ On this principle, 
they contrived to feparate the river Luen-ho, which running from the 
Eaftward from a higher level than the fummit of the Pafs, they divided 
into two diftinft channels, the one running North to the Eu-ho, and the 
other South to fuch part of the Yellow River as had fufficient elevation to 
admit an artificial branch from it, to difcharge part of its waters into the 
river Kiang s from whence, as already mentioned, they had a natural navi- 
gation to Canton, with the exception of one carrying place. Here the 
artificial navigation for the great purpofe of traverfmg the Empire ended j 
but, as the river Kiang had fufficient elevation at this place to admit of a 
new channel to the head of the arm of the fea Weft of Tchuzen, at Hang- 
tchoo-foo, on the river Chen-tang-chiang ♦, within the flow of the tide 5 

which, . 

^ The tenmnatioB of the Canal is In the Pe-hoo, a fmall lake adjoining the town and 
river« wluch forms a bafon for the veflels^ which are exceedingly numerous here and 
throughout, and exceed ail ideas that could have been reafonably formed : %tiey are, in- 
deed, confined to the navigation of the Canal and Rivers it communicates with to the 
North, ,there being no navigable connedlion between the bafon and the adjoining river, 
' (probably from the fall being too great to be conquered by their flood-gates) and confe- 
quenUy, Hang^oo-fbo has become a great Emporium. 
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which, from this place for 60 miles downwards to where it joins the fea is 
of fuch expanded width beyond its natural channel, as rather to defervc 
the name of an arm of the lea, as I have already termed it. This great 
width, combined with its extenfive fhoals, has apparently induced the 
patient and induftrious Chinefe, to conftruft a Canal nearly collateral to it>. 
to a fmaller river, fo as to give them a more certain and fafe communica- 
tion with Tchufan, which lies in an ifland forming with others a fafe har- 
bour, a little without the entrance of this inlet of the fea. 

The extenfion of the Canal to Hang-tcHoo-foo, has alfo afforded them 
an opportunity of avoiding the great lake Poyang, about fixty miles in 
length, through which the ufual route to Canton lies, which, fo far as boats 
are ufed as a mode of travelling, and probably for other purpofes they 
found eligible to do : although, at the expence of a Portage between the 
heads of the Chen-tang-chiang and Quang-fm-ho, which latter difcharges 
into the lake Poyang, but communicates by artificial channels with the 
Kan-kiang-ho, near its difcharge into that lake, which difembogucs itfelf 
into the river Kiang, and adds confiderably to its magnitude, although its 
courfe b upwards, of 2000 miles* 

The Kan-kiang-ho is then to be navigated for 300 mifes, moftly againft 
a ftrong current, to the foot of a ridge of mountains, feparating it about 30 
geographic miles, in a direft line from the navigable part of the river Pe- 
kiang, which runs through 260 miles to Canton. 

Thefe rivers were navigated in their higher or fhallower parts by the 
Embafly, in lightly- conftrufted covered barges, defcrrbed in one place to 
be iharp built at the ends, flat- bottomed, about 12 feet broad, and 70 feet 
ia length ; they failed well, ufed cotton feils, and drew very little water, 
and, with a ^rifk and favourable breeze, made no inconfiderable progreia 

ia tke carriage of grain from the Yan'-Ieang-ho, or grafn-bearing-riyer to Tong-fchoo* 

fix) near Pekin, there is fupp^fed to be at leaft 1000 Junks employed ; each containing: 

Jifty inhabitants^ the boatmen living in them with their fiimilies. Befides which, an im« 

mmk number of other veiKIs, equal at leaft in populauon, are employed in other c»m-«^ 

merce. 
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againft the ftream without the ^d of trackers. The trackers to each baige, 
it appears, were generally about 15 men relieved alternately. In fomc 
parts of the river Chen-tang-chiang, the peafants were employed to deepen 
a channel through the fhoals, although the barges drew lefs than a foot 
water, which is not unufual in European rivers in dry feafons. 

In almoft all the rivers as they defcended to deeper water> they changed 
from thefe light barges to junks, which alfo navigated the Grand Canal 5 
and when they afcendedthe rivers to where they became (hallow, they again 
quitted the junks for light barges, which latter they ufed throughout their 
navigation of the Chen-tang-chiang, the whole courfe of which above Han- 
choo-foo, where they embarked upon it, does not ex.ceed 200 miles.— 
Thefe jur>ks contained two tier or ranges of apartments, were confequently 
heavier and drew more water, but it does not appear that they ufed more 
trackers to them than 18 or 20 : whence it follows, that thefe rivers have, 
fortunately for the Chinefe, but moderate falls. It has, indeed* appeared to 
the EmbaiSy, that the river Kan-kiang ♦ has an average fall of 20 feet per 
mile, which is very far beyond what it can poffibly have, according to the 
circumftances of its navigation. With thofe not aftually exf)cricnced in 
improving the navigation of rivers, fuch an opinion was not unlikely to 
take place, and no way leflbns the general merit of the information on this 
fubjed, which appears to be coUedted with attention, and is diffufely feat- 
tered through various parts of the work, to which the reader muft be re- 
ferred, as I fhall only extrad fuch parts as are immediately neceflary for 
my purpofe. I Ihall, however, previoufly make fome further obfervations 
on the fall of navigable rivers, as it involves the circumftances afcent and 
defcent, and is therefore perfeftly confonant with the purpofe of this Trca- 
tifc. 

* The Yang-tfe-kiang (calkd by aU)reviation the Kiang) below the lake Poyang to the 
4ea, a diftance of 300 miles, is^fnppofed by Sir George Staunton to have 1000 feet fall. 
Thit river« where entered* and left by the Canal* was about two miles wide* with a current 
not exceeding two miles an hour in the ftrongeH part; and much deeper than (the Yellow 
BiTcr* wiuicli was not more dutb) 9 or 10 feet deep in the middle of its ftream* 
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In Major Rcnnell^s intercfting kccount of the river Ganges and Bantam- 
pooter> he informs us, that " a fedion of the ground, in length 60 milea* 
*^ parallel to one of the branches of the Ganges, was taken by order oC 
*^ Mn Haftings, and found to have about 9 inches defcent per mile in a 
*' ftraight line 5 but, the windings of the rivers were fo great, as to reduce 
*' it to lefs than 4 inches per mile/' This appears to have been in the 
dry months, and where the mean width of the Ganges was | of a mile, its 
mean depth between 15 and %o feet, and its velocity lomewhat lefs than 3 
miles an hour. This noble river is navigable for an extent of 1350 miles, 
with veffels from the jGze of a wherry up to 180 tons ; but thofe of 30 to 
50 tons are accounted the moft eligible, and are tracked againft the ftream 
lb as to advance along the ihore about a mile and an half per hour. 

The river Amazon, which, with its branches, affords by hx the moft 
^xtenfive interior navigation in the world, has, according to the barome- 
tric obfervations of Monf. de la Condamine, ftill lefs defcent below where 
its current is undifturbed by rapids i and runs with as great, if not a greater 
velocity than the Gangejs, the velocity in many places being upwards of 5 
miles an hour. 

Although theie velocities are beyond the medium *of what the yatches and 
baiges of the Embafly could be tracked * with their number of men j and 
they alfo muft, from their being in ihallow riversy have kept generally in 
the full ftream, which is not the cafe in large rivers ; yet, I do not mean 
to infer, that the Kan-kiang>ho had no more iall than the Ganges or Ama*-. 
zon. 



« The author has obferved a boat of light conftrudtion with only 14 tons ladings of S 
feet width of floor, a1)out 10 feet width of water line, and 50 feet extreme length, draw- 
ing 2 feet 3 inches water, and iharp at the ends, dragged againft a ftream wlK>(e velocity^ 
was 5 \ Englifii miles an hour ; and, although there were a 8 trackers, befides three men in 
*the boat poling it on, it only advanced at the rate of | of a mile an hour. The ohanoel 
was not materially contrafbed in either width or depth of wates way, in proportign to the 
iedUon of the boat^ which would of courfe have added to the reiiftance. 
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" Tfcel&D €)f rivert npoifthc feme kngtiiof channel^ nndvtnicf fimifer 
nefecity of cwrcfit, ¥s4H> I 'conceive, (kpend on the fintioflty of their 
wurlkj the utAhrtnkj of their feAioira, the want of depth, and the retar- 
dation or fri^ioi^ the water meets> witii from the nature of the channel* 
Ifhe number of bends in fimilar fnftance^ in any given diftance, M^jor 
Rennell verjr juftty obftrves, <^ depends on the magni&ide or width of ^e 
^ itream.'^ One of half the nt^kkh k capable of taidng twice the nmnber 
€f oManders : Thefe^ by the perpetual i^edioaof the courfe of the river,. 
deftroy m^ch of its original impetus^ and, confequently, through an eqml 
length of channel it cequire^ a greater declivity than a ftraight river to 
Gondnue the §3Lft^ velocity. Div<eifity of ft^kion alib operace^ihe iame 
way ', as wherever k increa(es> the water neceffiHily cSminiihes its velocit^r 
nearly in a fimilar ratio, and has to re-acquire it where again contradted ;. 
which, coiiiequent]y> fequires a ^rther &A fiiffioieni to regenerate the dif* 
ftveiicc of Telocity. 

: Th^ Aird «id feft cmife t have mentioMd, are the want of depth anJ 
nature of th^ b^ttotn^ Waw of ^pth, with even a finooch bottom, oc- 
calioiis eonfidetable friftion: to the /hect of water immediatdy lliperindu*- 
cing it, which communicates a portion of it to the next, and fo forward, 
AtaMltaiddM wh<Ue lenflbly to a confideraUe extent* ; as maybe feea 
|h the botders of dl rivers, which confequcntly proves, that want of widtb 
Mkewfle retards the current. That want of depth does fb, is ckarly fliown 
by thie water of t^e inundations over the Ddta of the Ganges (over which 
^e boats navigate againft the ftream) ibascely eiTceeding half a mili^ air 
hour, whilft the mean motion of the Ganges^ at that period,, notwithftanding 
its meandring, is from 5 to d miles an hour. 

The circumftance of progceflive retardation; of the mafs of water bjr 
4)aUowQe6 (^ chanaet, k further pKved by the different ftma of the 

♦ Tkis extent trfB be greater fe flndlow mersi dian ixr deep ones ; as the mafs o# water 
above is equally eperatiTe in prevendn^ that retardation by its fU^ion,. and were it aot ib>. 
a larger portion of the tight matters would be fbond in die fnbfttataof iflandsor bordering 
gTOunds^ formed b^ the depofit of rivers* 

iflands 



Iftandi of the Gdngei (and in all other rhreri whcfd ifltnd^ are kfmid by 
dcpofits) bcingprogrcflSrcly of particles Icfs dcnfc as thcjr appi^oath th« 
iiimmit. Although lighter and heavier matters arc afloat or commixed in 
the wa«r on Che fifft comtmenccment of its depoQtesj ydt only the rnbft difnfc 
can fubfide, th^ force of the ftream being fuperior to the refiftabce of the 
others ; but» as thftt force declines, Kghter and lighter matters are capable 
of refting until it finiflies witli Vegetable foil or the Ugbteft particles, which, 
as obferved by MajiM* RenoeU^ will hold their place ncarcA the lurface of 
die water. 

In fliailtfw water, the nature of the botkott 9^r^tes.¥ery impottant^: 
Fo^ idftancci where r^dcs are ftanding in the ftrtaaot, but fufikipntly wide 
^fiinder to leave a navigablb pai&gey they fo &r return b^k chef cwreiit 
of thtf water> that I have known, in depths of 4 or 5 fe^t^ a ydociiiy of 
not more than si miles ah hour, with a fall exceeding thertie pf ^ ftfit 
per mile ^ but this was only in fells of about 2 feet to 2 feet 6 in one con- 
tinued ej^tentj and with deep and wide pools between, undor which predi* 
<ament boats may, with great force of trackers, (fiir beyond what/ the 
Embaify had) navigate againft an average fidl of 10 ieet pet uute^ 

< Another caufe of retardation ^ current is weedsl, wlach tn the titter part 
^ the Aimmer, when the water would otherwtfe be low^ give' b many 
i^irers widi a fall of a to 3 fecit in a mile, a depth of about 2 £bdt 6 witka 
g^fwral vdociS]».of lets than a mile an hour. Froon what has beeq faidf it 
a^iears tiuiti in rivers of long cOurie> the ori^ai impetui is of iil&ri^r 
tiiiHD0nt i Und that it is of liuk confequonco at a diftance from ^he poi^t 
<»f outlet^ whether the navigable part of a river comnMlioes from a lak^j 
w immediatefy beiow a rapid torrenr, as its eficd would be nearly I0& in 
the firft expanded teetion of the rivei", aildr admitting a uniformity of ahaa- 
neU ic woiikl progpicffively be reduced in fome ratio, inyerfd^, to wl«at 
a head of wafirr iiifficicnt t6 ^neriace a vdodty equid ft^^ firft impetusi 
would beat to any ftble^ueiit defcetat of the rWec cdmlmttd wkh chat liead^ 
wlucb would foon render the efic& of that impeuis infignificant. 
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• I fliall now rcfume the information to be derived from the travels of the 
Embaflador and his retinue, in their route from Pckin. 

The Embafly embarked on the river Pei ho, at Tong-{choo-fod, about 
12 miles from Pekin, in covered barges of about 70 feet length, and 15- 
feet width, and only about 10 inches draught of water, with their paffen* 
gers, and fuch portion of their baggage as they took on board. The river 
was then become fo low as to caufe the boat to be dragged with difficulty 
over fevcralof the fhoals. After 60 miles of navigation, they arrived at 
the tide- way, and in 30 miles further, arrived at Tien-fing (about 60 miles 
fix)m the fea, or gulf of Pe-chee-lee) at the confluence of 3 rivers, up 
one of which, the Yun-leang-ho, or Eu-ho, running from the fouth, they 
proceeded in the beginning at the rate of about a mile an hour,, againft a 
ftrong current by the force 6f 18 or 20 trackers: as the river was confined 
within narrow bounds between two artificial banks, for the apparent purpofe 
of given depth. Above it was wider, deepcr> and more gentle. Up this 

' river they proceeded nearly ai degrees of latitude to the city of Lin-fin- 
choo, where they, entered the Imperial Canal which is earned in a line 
almoft dircftly South, and nearly parallel to the general line of the fea- 
coaft. " This enterprize, the greateft and mofl: ancient of its kind, which 

-€€ was found to extend from Lin-fin-choo to Han-choo-foo, in an irre- 
^^ gular line of about 500 miles, not only through heights and other val- 

♦'«^ leys, but acrofs rivers and lakes/* It is faid by Sir George Staunton, to 
be " often wind|ing in its courfe, of unequal and fometimes confiderable 
•^ width, and its waters feldom ftagnant.'* On its junftion with the Eu-ho, 
the Canal was cut through ground of the height of 30 feet, to permit its 
water to flow with a gentle current into the Eu-ho. The current of the 
water WUs moftly flow 5 and to prevent its running off too rapidly, its de- 
fcent is occafionally checked by flood-gates> which were feldom fo near as 
within a mile of each other, Thefe flood-gates confifl: of two abutments 
of ftbne, one projcftmg '* from each bank, leaving a fpace in the middle 
f < juft wide * enough to admit a paflage for the largefl: veflels employed 

* The widtk, according to the Plate, appears lo be a little more than ai feet. Accord- 
so£ to De la Land, left than 30 feet.] 

f^ Upon 
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^ upon the Canal.** Few parts of the Canal arc entirely levels and diey 
have overflows or paflfagcs through the banks to prevent the water rifing* 
beyond a given extent ; and alfo to prevent unneceffary wafte of it through 
the flood-gates, the paffages arc occalionally clofed by planks let down 
tranfverfly and feparately one above another, -their ends refting in a vertical 
groove in each abutment. " Some fldll is requifite to be exerted, in order 
^« to direft the barges through them without accident. For the purpofe^ 
^^ an immenfe oar projefts from the bow of the veflTcl, by which one of the 
«^ crew condudts her with the greateft nicety. Men are alfo ftationed on 
*' each pier with fenders made of Ikins ftuffed with hair, to prevent the 
«^ efFeft of the veflels ftriking immediately againflithe ftone, in their quick 
** paflage through the gates, which are only open at certain ftated hours^, ^ 
«' when all the veflfels coUcfted near them in the interval pafs through on 
^' paying a fmall toll. The lofc of water occafioned by the opening of 
*' the flood-gates is not very confiderable, the fall at each feldom being 
*' many inches, which is foon fupplied by fl:reams condufted into the 
" Canal from the adjacent country on both fides. The fall is, however, 
*' fometimes above a foot or two, when the diftance between the flood- 
*' gates is confiderable, or the current rapid. The Canal was traced often : 
" in the beds of ancient rivers, which it refcmbled in the irregularity of 
*' its depth, the finuofity of its courfe, and the breadth of its furface, wheh 
** not narrowed by a flood-gate. Wherever the circumftances of the ad- 
<' jacent country admitted the .water in the Canal to be maintamed in a 
** proper quantity, without any material deficiency or excefs, by means of 
*^ fluices managed in its fides, for the purpofe of influx or difcharge, as 
^' was the cafe farther to the Southward, few flood-gates were neceflfary 
** to be conftrufted, nor were there any. where inet with .more thaa half a •- 
« dozen in a day." 

On the higheft part of the Canal, which by the map is about one-fiftli 
of its entire length in proceeding from the North, " the river Luen, the 
" largeft by which the Canal is fed, falls into it with a rapid ftream, in a 
*« line which is perpendicular to the courfe of the Canal. A ftrong bul- 
" wark of ftone fupports the oppofitc wcftern banks and the waters of the 

" LUCA 
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f ^ Luea flrikiog with force agamft \t, part of jthcm follow the northern^ aii4 
^^ part the fouthcrn courfc of the Canal." 

In proceeding from the fummit to the South, the Canal, or artificial 
rivrer, pafled by the verge of the Lake, and was there fupported on high 
embankments, to enable it to pafe over foroe riliitg land farther South^ 
through which it runs at leaft 20 feet below the furf^ce of the adjacent 
ground. The Canal afterwards paffed collateral to the Lake of Wee- 
chaiUng-hoo, which " reminded the Embaflador of the great Canal of 
^^ Ruflia, with which he was well acquainted* This ran in like manner, 
<^ at certain diltances parallel to the Lake Ladoga, from which it was fe- 
*' par^ted by vaft earthen embankments." From this circumftance, it is 
poflible^ that Peter the (!jrcat (although his genius was equal to the fuggef- 
cion of any thing ufeful to his country), may have borrowed the idea from' 
China, as previous to the formation of the Canal of Ladoga, he had a 
direft acquaintance with the Chinefe Empire, by an Embafly * in the com- 
enencement of hi« reign, in the year 1693, whilft his brother John fharcd 
(ht throne conjointly with hioK 

At a further diftance, " the Canal widened, flowing to the fouthward in 
« a current of upwad» of 2 miles an hour. Several branches went off 
^ from the main trunk of the Cana}, on which, as well as on the diftant 
^^ Lakei feveral barges were feen iailing. During the next ftage, the 
<< Canal was condufted again through low g^outidi^ fut^eS; to inuadatiooj 
^ wkb Lakeaand Moraffes intervening," 

^ Tfat BmbaOkdor, Ererard Ifbnoid, wis moMutfi to go tkiough tlie certmonlovt 
pfoftrationsof theChinefe, which the prudence and firmnefs of the Britifh Embaflador, aided 
by the good fenfe of the Chinefe Emperor enabled him to avoid. In another EmbaiTy from 
the C^ar Peter to the Court of Pekin, in the year 1719* his Embaflador Leoff Vaflilovich 
Ifinayloff, Was onder the fame diiagreta^ble coitftfaintis his prcdec^flttr. Accoiiltiig to 
Father Dtt-Kalde, a foritrer Embaify from Mofcoiry k the ytsu 1651, was *oc &vottrably 
xeeeire^ bocaofe the Eafctfllador wonM'aot ibbmiiiM'thc Ciii«efe cev^moBies. Thett €ib- 
iervatioos ^tt qaite irrelevant to the fubjed of this Treatife» aad are only inierted ontbit 
prefumption that> to many , readers they may be acceptable at this tioiej whcft the circtMi* 
tances of the Britifli EmMy have attradted the pnUic attcntioiu 

It 
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It then spprmchcd the Ytllow Rirtr into which k && by a gentle 
current. The Canal is here about three quarters of a mile in width* and 
forms an excellent harbour for the veflels navigating iL The Y tlk>w Rtvef 
has here run through a courfe of 220a milesj and is not more than 70 milea 
from the fesT: " Its width little exceeds a mile, and its depth in the middle 
•^ of the ftream is not more than 9 or 10 feet, and its velocity is about 7 
•< or 8 miles an hour," which it appears to continue downwards, co^fe*' 
quentlf, there is a confiderable fall to the fcay which enabled a deiceodii^ 
branch to ftrike oflf fbuthwards to the river Kiang. *^ On the ibutbern 
«« fide of the Yellow River, the y^tches began to proceed more quickly ^ 
« the current of die Canal as it quitted that river being more rapid> in 
•* confequence of which, the niamber of flood-gates were increafi^i upon 
** this part of it; farther on, it was earned by the margin of the Lake 
^ Payo-jrng, whofe fin-face was much kMner than that of the Canal,, whick 
^ was feparated from the Lake by a ftrong embankment. Beyond the Lake 
^ there was again fwamps and morafies.^* 

" In the midft of the low grounds of this part of the roi^, a town 0^ 
*' the third order* was fituated; the tops of its walls being little more 
^^ than level with the furface of the Canals which formed an aquedud rai^ 
^^ 20 feet, was 200 feet in width, and ran at the rate of three miles an 
•* hour. This Canal^ on proceeding fomewhat fiirther, cealed to have a 
" current ; and the ground rifir^ to the fouthward, it was found nece^ 
** (ary, in ord? r to give level, to cut down about 20 feet deep for a track 
** of 7 or 8 miles, to a large city where not Icfs than a thouland velTcls of 
•^ difl&reht fixes were lying at anchor.** 

•• In three days after the yatches had croflfed the Yellow River, they came 
** to that of Yang-tfe-kiang, which is confidfcred to equal, if not exceed 

^ Hie cities of the third order termmate their names wttb Jtitn; thefecond order with 
Hieo ; and the firft with /oq, which three defcriptions are forroanded with^ walls. Many of 
the cities appear to have tncreafed within this centny, as ievexal of them which* Da-iUd^ 
ha»iennouKcAwiii./«tis, hawa«aitfw jic pdilitional'tiinnimwioB af/t^ 

^ the 
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^f the fizc of the former. It was at this place about two miles wide. The 
** current where the yatches of the Embafly paffed, did not exceed in the 
.«« ftrongeft part .of it two miles an hour i but.it was much deeper than the 
^f Yellow River. 

^^ The ground to thi fouthward of die Yang-tfe-kiang gradually rofe to 
^« fuch a height, that it was found neceflary to cut down the earth in fomc 
^' parts to the depth of near So &et, in ocder to find a level for the paflage 
'' of,thc Canal." 

High ftone arches, fome of them elliptic, the longer axis vertical, and 
high enough to take junks under fail, are ereded over the Canal, and are 
afcended and defcendedby fteps. They have alfoi)ridges over the piers of 
their flood-gates, which, to prevent interruption to the mafts of veflels> 
are conftrufted fo as to be eafily withdrawn when vefTels are about to pafs. 
They are flat wooden bridges, narrow and light, each retting on rollers 
fixed in Its frame, and running on a couple of loofe ipars that are withdrawn 
Rafter the bridge. 

The Canal, in its courfe through the city of Sou-choo-foo, divided into 
various branches through the ftrects as in Venice. Some idea of the im- 
portance of the commerce of this city may be entertained, from the cir- 
cumftance of i6 vefitls of 200 tons each, being on the ttocks in one fhip- 
builder's yard. 

Near this city, *• the great Canal was witliout a current, and fo wide^ 
••* that a ftone bridge of no lefi than 90 arches was in one place thrown 
^ over it : the Canal continued to be of a width between 60 and 100 yards, 
^' and its banks generally faced with ftone for about 90 miles in length, 
^* between Sou-choo-foo and Han-choo-foo. 

^^ A large irregular bafon at Han-choo-foo terminates the Imperial 
^ Canal. It is incrcafcd by waters from a lake lying to the weftward of 
*^ the city 5 the laaxr furnifhes alio a copious ftream running in a channel 

" round 
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^ round die city walls> and fmall Canabpafs dirough its prinapal fireets. 
<^ This baibn difcharges into the river Chen-cang-chiang, which fidk into 
'^ the fea at little more than 60 miles to the eaftward : the tide when full 
** increafes the width of the river to about 4 miles oppqdtt the city, but 
*^ at low water, leaves on that fide a level ftrand of nearly 2 miles width." 

From the preceding extrads, an idea may be formed of the magnitude 
and diverfity of this great Canal, as to width and velocity of current, which 
bding variable, frequently in counteracting degrees, viz. oftea narrow in 
deep finking, where the water is nearly ftagnant, and wide where the 
dream runs with confiderable velocity ; it follows, that to give depth ia 
the rapid dreams, addidonal rivulets mud be taken in, and difcharged 
again in the commencement of the dagnant parts; which it appears b their 
mode of proceeding, as they have overflows to difcharge their fuperfluous 
water, which is firequcntly applied to irrigadon; and diey repeatedly receive 
addidonal influx where it is neceflary. 

There now only remains to be nodced their Inclined Planes, which are 
particularly defcribed in the route fi-om Hang-choo-foo to Tchuian, which 
was purfued by Colonel Benfon and Captain Mackintofti, of the Hin- 
dodan, after they had parted with Lord Macartney, and the remaining at^ 
tendants of the Embafly, who followed the route already deforibed to Caa« 
ton. 

The Tchufan party eroded the river and entered a fmall CanaL After 
they proceeded about three days, they arrived at the city of Loo-chungp 
where they changed their inland baiges for junks of about 60 tons burthen 
each, neatly fitted up for pafifcngers, but conflrufled for falt-wacer naid« 
gadon, and lying on a river into which the tide flowed beyond Loo-chung« 
They failed fi-om thence to Nimpo near Tchufan ; the river was of the 
breadth of the Thames between London and' Woolwich. 

Before their arrival at Loo-chung, '^ it fomedmes happened in the 
^ route to Tchufan^ that the water of a higher Canal pafled immediately 

L « into 
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^ iHft) 2iii6ik(^ *f n loWtt fevdj and ki two inftancct. the- tpavelDcrs were 
* tauniched in their bargies with prodigious velocity dowa thc^ ftream *• 
^ The upptfr Cand ta bounded by ailrong and wcU-campa&ed wall, the 
'^ top of which IS level with the fur&ce of the i^per water. A bram df 
^ wood is laid on the upper edge of the wall, which is sounded oft^ cowards 
« the water. Beyond (or below) the wall^ a (loping plane of done work 
" cxtends^ to the lower Canal in the form of a glacis^ with an inclination 
« of about 45\ aiiid de£cending near to fen in perpendicular depth , at the 
« bottom 0* which, the Canal i& carrt- d along as the level of the country 
^f will allow, when another wall and glacis for anotherXanal ftiU k>wer^ arc 
<< eonftruftcd as before. 

«* In pafling from an upper to a lower Canal, the ^efflbl lifted over the 
^ crofe-beam Hides dowa by its own gravity, and to^ prevent the water 
^ from flufhing ovtr the decks^ or her plunging iato the Canal below, a. 
^ railing is fixed at the head of the wfiel about to be launched, before 
^ which is placed a ftrong mattmg at the time of its defcent. To draw 
^ up a large veflel from the lower Canal along die glacis i^to the upper 
^ Canal, requires Ibmetimes the affiftance of near a hundred mea ; whofe 
^ ftrength is applied by means of bars fixed in one or mdre capftans,. 
^ placed on the abutments on each fide of the glacis. Round the capftans 
^ is a rope, of which the oppofite extremity is pofled round the veflbra^ 
^ ftem, which is thus conveyed into the upper Canal, with kis delay thaa 
«« can be done by locks, but by the exertion of much more human force ^ 
^ a force, indeed,, which in China is always ready> of littk coft,. and coai- 
« flandy preferred there to any other.'' 



'^ It appeirt, fto» this ddcriptimi, tint water wu rmmiiig dewa tie In^ned Plaaet >i 
aad if lb, it if accordant withfome of the defcriptioiis of the Jefiiit miiioiiariet. Thii^ 
kmcrer, it probably oaly eociiODil ; aad caried by the laftnatioo of the iiuftce of the 
CaaaL 
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This defcription of the Chincfe inclined (dftaei^ appears tt^ he correfi: 
in the outline, but cannot be taken literally, as 45'' deolivity is far top 
ileep, iMikis the fall be fo little as to bear a fn^all proportion to the 
length of the boat, and then the lleep inclination of the plane would be 
of little moment, as the boat need never touch it but on Aiding off with its 
lieel. 

In the plate, the defcription is partly corre6ted, as tiie inclinatbn is but 
14* from the horizon, viz. one foot fall for every four feet bafe, which is 
aUb too fteep, unkfs the boats that pafs thoCt planes be much fhorter than 
the general run of their boats s which is the more probable, as otherwife, 
they would ftraia and break in two with any lading, on turning over the 
crofs^dmberatthe head of the plane. Thele boats, according to tJM plate 
of the inclmed plane are of about 3 4eet height, and 56 feet tiread on the 
jgroxmd, with iharp (Mrerhanging ends, prc^fting 9 or €0 feet, and Tifing 
^th a bend^qual to the defcent of the plane, therefore tending at one end 
to raife the veflcl in its defcent, and at the other to produce the &mt 
tffc&i in a fmall degree, by the weight of the boat's end behind the tread 
of her heel. I ihaU aflhme the boat to be fo far laden as to have a^ much 
buoyancy above as below water, and the «flFeA of the projefting encb to 
he under that predicament^ equivalent to a fhortenmg of st to 8 feet left 
than its tread on the gp-ound, viz. to make it equal to a boat of fimilar 
^dioir from end to end of only 48 feet, in place of 75 feet extreme ^eiigfli. 
From tiiefe premifes, and admitting the trinfverfe fedion to "be fquare, 
ivhich will not materially alter the cafe, (as their feftion, cxcluGve of the 
<nds, is uniform), we may deduce what the floating jpower of if ch a boft 
"vouldbe* 

Under this predicamentj it is obvious, that a di^onal hoc firomthe 
Xummit of one end of the boat to the lower cxferemiqr of the other end^ 
^wcTuld divide its bulk into equal parts, one of wUdi immerfed in watex'^ 
would be jufl equal to its whole weight ; therefore, as under the given 
angle of inclination and weight of boat, the water wOuld only flow -12 feet 
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along the boart bottom, or i of ^ its length ; it follows, that at the fnftant 
S>{ imnncrfing one end under water, it would only have i of its vt eight 
water-borne. The centre of gravity of this tendency to lift the boat would 
be at 4 feet inwards from its lower extremity, viz. at 44 of the diftance 
from the boa?s heel, which latter would be its turning point. It is evi- 
dent, that a power equal to half the weight of the boat and cargo, ap- 
plied at its lower extremity, would enable the boat to rife, as the other 
cxtremity^ would bear half the weight * j but, in the prefent inftance, there 
is only half the neceffary power aftlng at 44 of the requifite arm of lever,, 
confequently, only equal to H of the requifite force j therefore, with the 
aid of matts towards the head of the boat ftill unequal to the end f. K^. 
however, we combine the defcription of the fdl, viz. ^* near lo feet in 
•* perpendicular depth" with the length of plane, in the plans accompany- 
ing the work (which the eye might judge of, comJ)aratively with the 
length of boat) we (hall have a declivity of about 4 QT nearly 9^ 4 
'from Ae-horizontal linc> which will pretty well accord with the circum- 
fiances. 

I have entered' into this difcuflTon prihcijpally to fhcw the points: to be 
attended to, in the facility of boats floating from off inclined planes/ and 
the ncceflfity either of their being of a gentle declivity on their junftion 
with the water, or that the axis of the hinder wheels be placed not far be- 
hind the centre of gravity of the boat; 

I can cafily conceive, that the travellers might be miftaken in the declivity 
of the plane, if they judged by the eye, as angles of afcent and defcent arc 

• Nearly fo, the turning point being only thrown bilckward the tangent of the L of in* 
clination upon 1 -third of the boat'v height. To make the other dedii^ons perftdly trHe>. 
the centre of gravity of the boat and cargo muft lie at 1 -third of its height ; and if higher9 
as it generally muft be, it will operate more againft the power of the boats' rifing. 

f Unlefs there were at the bottom of the glacb an apron or fmooth platform at Aich t 
4epth as not to admit the boats to iink^ which does hot appear to be the cafe, nor could 
wcUbe fo ondcr fuch flndoation of far&ce as the Canals arc liable to* 

very 
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very deceitful m their appearance. That the boats are longer than on rc- 
fledion we ftiould conceive them to be, appears corroborated by a tra- 
veller of the laft century, Father le Comte ♦, who obferves, that *^ in 
" Ibme places where the difpofition of the ground does not permit the 
** forming of a communication between two Canals, they ftill contrive to 
*' pafs veflels from one to the other, notwithftanding they may have more 
*4 than 1 5 feet height to furmount. At the extremity of the upper Canal, 
" they CQnftruft a double glacis, or inclined plane, of hewn ftone. When 
" a vcffel arrives at the extremity of the lower Canal, it is raifed by the 
** help of capftans to the fummit of the firft glacis, from whence its own 
*^ weight makes its Aide on the fecond into the upper Canal, and they dc- 
•* fcend to the lower by reverfing the operations/* 

" This author could fcarcely comprehend how the Chinefe barges, which 
are commonly very long and very heavy laden, did not break in the mid- 
dle when fufpended in the air on the angle between the double glacis ; 
ncverthelefs, he did not learn, that the leaft accident ever happened.— 
** Thefe inclined planes (he fays), are not to be found in the grand Canal^ . 
** becaufe the Imperial barks could neither be raifed by manual force, nor 
•^ fecurcd from the misforcune to which the others have the appearance of 
^' being liable/* 

In inclined planes of fmall &11, fuch as are ufed in China, and for boats 
of conGderablc length and magnitude, the fide-way motion f might be 
made to anfwer. It would alfo do for longer inclined planes (particularly 
if very ftcep) by the aid of counterbalancing . weights down feveral pits, 
and a caifTon for the boat and its furrounding water to defcend on .many 
wheels, or rollers, into a dock fuch as defcribed in levcral inftances in the 
firft Chapter. The counterbalancing weights may be cylindric tubs> fitting 
the pits and laden with water i the two end ones fo regulated, as to move 



' • Vide Bclidor's ilrchiteadrc Hydraulique, Tom. IV. P. 355. 

t Ship) arc fometimpfi launched this way, where there is want of room to £0 end fore^ 
.moft 

pcrfeftly 
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perfedly equal tb each otherj and keep the caiflbn during its progress m 
the fame parallel pofition *• The pits (hoUld at leaft be down to the level 
of the drift, from the dock or lower receptacle of the caiflfoA. 

The weight of water and of the vcffcls in the pits, under fimilar vertical 
defcent with the inclined planc> will theoretically be no more than that of 
die caiflTon and its contents, be the angle of declivity what it may i and 
their different fpaces paffed throi^h would be eafily provided for, bf the 
difference fof diameters of the wheels, on the axis communicating the 
counterpoiling powers ; but in gentle declivities particularly, fri£tton and 
reiiftance from irregularities of the furface ifting on the wheels (^ rollers 
fuftaining the caiffbn, Will be very confiderable, and occafion a lo& elf 
water far beyond that of the plans of Mr, Wcldon or Mr. Rowland j but 
of little confequeiice compared to Locks. Another circumftance alfo mi- 
litates againfl: this plan in moderate declivities, which is, the difficulty of 
keeping a lalge caiflbn water-tight, becaufe of the greater effeft from 
cafual checks under the neceflarily increafed velocity. From both the 
above caufes, I conceive the plan fuggefted, will feldom be eligible but in 
ftecp declivities of 30* and upwards. 

It is an argument againft the inventive powers of the Chinefe, that they 
have not hitherto con(lru£ted Locks, as a great part of invention lies in the 
conception of the poflibility of the event ; and the Chinefe have been in- 
formed, for upwards of a century, of its abfolute poflibility ; as the Jefuic 
Miflionaries fentto China by Lewis the XlVth, in 1685, acquainted them 
with the principles of a Lock, with which they appeared aftoniflied. The 
Fathers alfo thoi^t that any one who would carry to China the model of 
a Lock would be well received ; and caufe as much admiration zs the firft 
watches that the Miflionariers prefented to the Einpefon 

^ Chain! xnnft of eourfe be made afe of in the machine both to fdpead the water vefleb 

and retain die caiflbn. A prejudice^ no doubtj exids againft chaim* on acooont of the un* 

cciuinty of their ftrength ; bat this may eafily be remedied» by fubaittiaig jevery Unk to a 

Hreft hi foperior to what they are propofed to bear, which may be done before the chain it 

- ^ot together, as for this porpofej it iboald confit of links conneQed by bolts. 

The 
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TiieChmflc method of .ovcfcoming ^ents. appears to be teflg /ubfc- 
qvitnt to :?h€ attcmpci of the Egyptians, under the .fucc^ors qf Alexan- 
der i who, according to Monf. Huit, Bilhpp of Avranches^ had the art 
of conftruAing fluices, or Locks of one fct of gates, ib as to ftop the im* 
petuofity of the current, and be occafionally opened. Though termed 
gates, the openings were moft probably clofed with beams of timber, let 
down in grooves i as gates of large width and depth could not be x)penefil 
without difBcidty, even agamft a finall difference of levd. There ace,, 
however, fuch fluices with gates upon fcveral of the running Canals on the 
verge <>f the Shannon. They were crefted about the middle of this 
century^ aad are^ of difficult ufe, because of the force icqukice tOr opeit 
ihen^ 

Theie runnii^ Canals Are on the Chinefe principle^ and nothing more 
than new Channels for a portion of the river ; which, when it is low^ arc 
flopped as in China, to retain a head of water fufHcient to pa& the boat. 

During die fiooded ftatc of rivers, aU fo^all &Ils arc equalized, as they 
neceiTarily rife h^her below than above a rapki i therefore, I am &r ftom 
laying, that running Canals widi a fmall faU are not, in many inflances^ 
eligible pn the Ihores of great rivers i apd that well-devifed ftops eafily 
opened and clofed, (noi fuch as lift up like thofe defcribed in China, nor 
open againft the ftream as gates) are not fometimes preferable to incurring 
the chaige of Locks^ 

fo other nearly fimilar inftances* m^iere Locks are eligible, their piers ami 
gates alone will be fufficient w^out any other floor or fide walls, than tt 
concave and battered pavement, continued through the bottom and up the 
fides of the %>ace between the picrs» 

The efigibility and the particular conftru&ion of thefe works, will much 
depend on the nature and extent of the beds of the rivers, the difference 
between their low and flooded ftates, the height and alfo the permanency of 
their fhores> and the quantity of floating ice« ^^ 

' Thcfc 
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Thefc fingk pairs of piers of the Chincfe, arc properly called by Dc la 
X^uide, half Locks. The cafiial pofition of two pair of piers near to each 
otherj has, nodoubtj occafioned the invendon of Locks; as it would foon 
be feen,. that when the gates or ftop beams of the lower piers were clofed, 
and of fufficient height that the water would be nearly ftill between the 
upper pair of piers, and afford an eafy paffage. On this principle, in place 
of finglc pairs of piers, two pair would be erefted, fufficiently near to each 
other for the purpofe, and capacious enough to hold a fleet of boats. It 
would foon afterwards be found, that in dry feafons the wafte of water was. 
greater than could be conveniendy afforded, and the operation tedious for 
fingle boats : thus would progreflively arife the invention of Locks with 
walled chambers, and fluices through their gates or walls. 

There arc at this day exifting on rivers. Locks of the firft conftruftion ; 
compofed fimply of two pair of piers, without any connexion of walls or 
pavement between them. 

The following account of the antiquities and defcription of the Chinefe 
Canals, is principally cxtradbed from Monf. De la Lande's Treatife, " Des 
Cana«x de Navigation;" and from Du Halde's Hiftory of China, in which 
authors will be found a more full and particular account than the deflgn of 
d>is effay requires me to give. 

The commencement of the Chinefe Canals was fomewhat lefs than two 
centuries before the Chriftian aera, viz. foon after the coming in of the 
dynafty of Han, which took place 202 years before Chrift. Previous to 
this, grain and other neceffaries were carried on men's Ihoulders, where 
they had not the convenience of Rivers or Lakes. The Emperor being 
fhocked at this flavilh occupation of his fubjefts, employed many ouans of 
men (each ouan being 10,000), to dig Canals for the conveyance of rice 
and grain from the provinces to the capital, which was then in the pro- 
vince of Chen-fi : and, before the middle of the fecond century preceding 
the Chriftian oera, jail the great rivers communicated with each other by 
Canals, and were navigable almoft every where. 

Betweeil 
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Bctvccn that period, and the conuneacemenc of the dyiufty of Yuen) or 
Ae Mongols, which b^an in 1260, the capital of the empire u-as fiKxeU 
lively changed into different provinces, which occalioned new con^biuA- 
tions of Canals, for -conducing to each new capiul die immenle number 
of veflels laden with grain that it required. 

Yangd, of the dynafty of Tfin, who mounted the throne in the year 
605, and reigned 13 years, commenced the firft year of his reign with 
making new Canals, and enlarging the old ones, that veirels might |mls 
from the Yellow River to the Kiang river, and into the river Ouei (Ku- 
ho of Sir George Staunton) and various other rivers. A plan was given 
to h'mi for making all the rivers navigable throughout their extent, and to 
make them communicate one with another by Canals of a new invention. 
This projcft was executed, and according to it, 1600 leagues of Canals were 
made or repaired. 

At this period, mofl probably, their plan of flood-gates was adopted i 
as the new invention could only be in this, or in regulating the water by in- 
flux of new dreams and difcharge of fuperfluous quantities, or in lining the 
banks with (lone where the dreams were rapid, the remainder being fimply 
excavation or embankment. 

About the year 1289, the Emperor Chi-t-fou, the fird of the dynady of 
Yuen, or according to others, the fifth fucceflbr of Ghengis-kan, having 
conquered all China, and being already mader of Wedcrn Tartary, re- 
moved the feat of empire to Pckin, to be more central to his vad domi- 
nions. But the neighbouring provinces not being able to furnifli fubfidance 
to his court and his numerous army, he caufed to be made, or rather to be 
perfeded and altered, the famous Canal of Yu-ho ♦ or Yun-lyang-ho, (im- 
plying the river for conveyance of provifions), which runs tlirough the 
empire from North to South. 

^ From Sir G. Staunton giving thefe namei to the river Ouci, between Lin-tfin-choo 
and Tien-fing^ it appears, that the improvement in the channel of the Ouei« between Tiin« 
Cag and Lin-tiin-€lux>> have caa&d it to be deemed part of the Yu-leang-ho. 

M They 
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They had, at firft, no wdl-conncftcd plan, but rarfc fevcral ufelefs at- 
tempts full of fiiults. They went upon improper lines, and had not fuffi- 
ciently attended to the eflfipds of dry feafons and inundations, which were, 
however, progreffively correfted. 

The general depth of water was dcfigncd in the great Canal to be 9 fcetf 
and its frequent turns are many of them intended to prevent (in aid of the 
flood-gates) the too rapid running off of the water. They have fre- 
quently a difficulty in keeping up 5 or 6 feet water; and in fomc dry years, 
the Canal is reduced to a or 3 feet, which is not fufficient for the Imperial 
barges. 

The portage from Nan-gan-fbo, over the Mountain Mcilin to Canton 
river, is fo confiderabk, that the road is, at all times, thronged almofl as 
much as the ftreets of a great town. They arc, however, enabled to avoid 
this portage when the rivers are high ; a^ they have, for that purpole, 
joined a Weftcm branch of the Pe-kiang, (probably that ftriking off from 
Tchao^choo-foo) with a river runnii^ through the province of Hou-quang 
into the Yang-tfe-kiang. This appears to be a different river from^ the 
Kap^'kiaog-ho, and to lie to the Weftward of it. The navigation by this 
route, is faid to be much more circuitous than the other. 

The waters which colleft from the mountains in the North of die pro- 
Ttncc of Quang-fi, form near the city of Hin-ngan-hien a fmall river, 
whofe courfc is flopped by a dam, fo as to fend the water to the fummit of 
die pafs by a channel for that purpofe ; from whence, by a fhorc Canal, it 
jmns the two rivers. It is neither fo convenient nor fo well kept up as the 
grand Canal $ and the water is often low, fo that the veffels are rather 
drawn on the gravel than on the water. The fluices or contradcd 
paffages on this Canal for the purpofe of (lopping the water, are, for the 
mofl part, made of earth fupported by flakes, the paflage through which is 
clofed widx mats or other funilar thipgs. 

The 
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The indnftiyof the boitmen and tnhtbttants of the eountty (applies ^ 
defedsj and gives this rout (ufficient advant^es to caufe it to be frequented 
by many merchants ; as in the other rout, a paflace by land Is indifpenfa* 
ble, and caufcs much expcnce and trouble in tranlporting merchandize ; 
however, there is no particular impediment in the circuitous route during 
the time of high water in the rivets. This circumftance clears up the dif- 
ficulty of accounting for the pafiage of the imrocnfc rafts of timber pro«^ 
needing for the middle and Eaftcm provinces, which the Britifh Embafl^ 
met below Tchao-tchoo-foo ; as, by this channel, there is an interior 
water-eommunication all the way from Canton, even to the Northern pro* 
vinces. 

In the journey of the Fathers Boures, Fontenay, Lc Comtet &c. from 
the poBt of Ningpo (the Nim-po ♦ lately mentioned), they relate, that 
they ibon ^^ came to a place where they hoift i^ the barks> in. order to 
^' convey them to a Canal which is 9 or 10 feet higher than the kvel of 
*' the river. They hoift up the bark by means of a flope or declivity, 
*^ paved with large ftoncs, and when they have got it to the top> they tet 
^' it Aide down another into the Canal.^' *' There are people who wait to 
^' be hired for this purpofe ; they are not above a quarter of an hour about 
** iii having the help of two capfbms*'* 

This inclined plane is in the fame diftrid de^nbed by the Tchu^fan 
travellers (probably one of thoie they ''defcended)^ and differs in nothing 
but the time of pafTage, which will depend much on the force employed.-*^ 
If the aid of o^ans be ufed, in which both narrators agiree, the p^age 
cannot be fa quick as by a well-regulated Lock* Their account of the 
Kiang and YeUow Rivers, and of the Canal in their route to Pekin, confi- 
derably refembles Sir G. Staunton's.. Souse of the flukes or flood^gases 
upon the great Canals, are defcribed as retaining the water in cqnfined chan- 
nels of maibnry (aj:^)arently of fome excent), through which it rulhes with 

• The different tiaacsggwcn. to tJRrfiuDejilaces bf different travellers, 16 eafily account* 
«d for, when at is coniidered, that their orthography mad be toully auricular, from the Chi- 
sefe not ufing the alphabet. 

M 2 vaft 
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Vaft impfetuofitjr, fo as t6 require greaf poWcr of capftans and of m^n, tor 
get the veffcls up ; and that, in place of letting them run down at will^ 
they are carefully let through by ropes that arc flacked away, until they are 
below the ftrength of the ftream*^ 

In the Chapter on Lakes, Canals, and Rivers, P. Du Halde obferves> 
that " if China happily enjoys fo grey a plenty of every thing, it is in- 
" debted for it, not only to the goodnefs and depth of its foil, but to the 
''great number of Rivers, Lakes, and Canals, with which it is watered^ 
'' There is not a city, nor even a large town, elpecially in the Southera 
" provinces, which is not fituated upon the banks of a River, Lake, or fome 
" Canal -, and there are few provinces where there is not a large Canal of 
'' fine, ckfar, and deep water." The principal Canak, L'Abbe Prevot in- 
forms us, " difcharge themfelves on both fides into a great niynbcr of 
«' others, which communicate with moft of the cities and towns j for the 
" convenience of travellers, and the tranfport of the produfts of the coun- 
" try, which are reciprocally communicated. Thcfc little Canals are, 
'' in the end, fubdivided into a number of brooks to fertdize the adjacent 
'' plains.*' 

As much oppofition often arifts in this country to the execution of the 
moft ufcful Canals, it may not be improper to repeat the well-known 
'fad, that *' Canals in China arc cut through any kind of private pro- 
:'' perty, gardens, plantations, or plcafure-grounds j not even thofe of the 
*« Emperor, or any of his Governors excepted; but when the work.ar- 
« rives at their gardens or pleafure-grounds, the Governor, or even the 
'* Emperor himfcl^ digs the firft fpade of earth, and pronounces with an 
'* audible voice. This is to let thofe of inferior fituatians know, that noj^rivate 
*' fleajure fball obJhruSl the public good.** 

It appears, that the river Kiang affords ah extcnfivc navigation, and is, 
in many places of immenfe depth, and in others has rocky rapids of con- 
fiderablc extent, which they find dangerous and difficult. The fame cir- 
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cumftancc likewifc takes place in fome other of their nvers, which, were 
they acqTiainted with Locks, they might remedy. The Yellow River 
gives alfo an extenfive navigation, but it is difficult to ftem its current* 
The Poyang Lake is faid to be a dangerous navigation, from fudden high 
winds, and that many veffels are loft in it ; which accounts for the Bri- 
tifli EmbalTy being fent to Canton by a different route. 

« 
The Chinefc were much influenced to the conftrudbion of that part of 
their navigation, which is parallel * to the coaft, by not being expert fea- 
men, and their fear of ftiip-wreck and pirates. Caufes totally different 
muft, at fome period, produce a fimilar effedt in the Ruflian Afiatic do- 
minions. The great rivers Oby, Jenifea, and Lena, which rank among 
the greateft in the world, all difcharge into the Frozen Ocean,^ that a 
lea navigation is totally precluded. Thefe rivers, however, fo interlock 
their great navigable branches, in a plain country, as to admit of being 
cafily united ; and by ihe two former alone being done fo, a water con- 
veyance from the Eaft fide of the ridge of mountains dividing the pro^ 
vinces of Cafan and Tobolfkoi, would be had to Strealka, near the Chi- 
nefe fi-ontier, from which a confiderable trade is carried on by. caravans to • 
Pekin, a diftance of about looo geographic miles, an extent of land-car^ 
riage apparently immenfe in this country where every thing is very dear ; 
but there of comparatively fmall moment.. Nothing then would re- 
main to be done, to afford water conveyance from the frontier of China, 
and from the immenfe provinces of Jenifeilkoi and Tobolftoi to Pe- 
tcrfburg, . but to effedt fome of the fpccies of navigations which I have 
defcribed, through the vales of the narrow ridge of mountains between 
the river Tura, a Weftern branch of the Oby j and the oppofite Eaftcrn 
branch of the Kama, from which river there is an extenfive commerce by 
water to Peterfburg, in the conveyance of fait, iron, &c. 



^ In a popalous cooRtry> like China, that navigation is fufficiently diftant from the 
iea, to authorize its conftrudion without thofe motives^ which^ howcver> were a leading 
inducement. 
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In the travels of Mr. John Bell* from Peterftmrg through various 
parts of Afia, he informs us, that the river Ket, a navigable branch of the 
Qby, above its junction with th^Irtifli, <' takes its rife in a Lake at a fmaU 
*^ diftance from the Jenifea," (nearly oppoCte to Yenifeik the capital of 
the province), *' and were a Canal cut between them, which might 
" eafily be done, there would be a paffage by water to the frontiers of 
*' China from Verchaturia,** a town on the Eaft fide of the ridge of moun- 
tains Weil of the Kama, and fituated on the Tura, which falls into the 
Irtiih. 

I have only dated a navigable communication to Stredka ; but from 
circumftances> it appears probable, that the navigation might extend from 
two to three hundred miles further, through Chinefe Tartary towards Pekin, 
by purfujng the Seliaga, Orchon, and Tola, The latter is a branch of 
the Orchon, which, as well as the Strealka, falls into the Selinga, which 
difcmbogues into the Lake Baykal. — This Lake difcharges its waters by 
the Angara, a branch of the Tongufta falling into the Jenifea above 
Yenifeik. 

Mr. Bell alfo obferves, that from Elimfki, a town on the EHmm, a 
navigable branch of the Tongufta, it is about two days journey to the 
Lena, from whence it is navigable both downwards and upwards for vef-. 
fels of confiderablc burthen. The country between thefc places is, how- 
ever, though not mountainous, rather hilly. 

The full efFe6t of that communication between the Eaftem and Weftern 
provinces, thofe who are acquainted with the country, only can judge. 
Siberia is, itfclf, fufficiently fertile to receive vaft advantages from a com- 
munication between its rivers ; and no articles but thofe of value, would 
ever travcrfe the immenfe diftance from one extreme to the other, parti- 
cularly as, from the (hortnefs of the fummers, the paffage would rarely or 
ever be performed in one feafon. It would extend through above 75 de- 
grees of longitude, or confiderably more than one fifth of the circuit of the 
globe in that parallel. 

CHAP. 



( 95 ) 



CHAP. VIIl. 



Ceneral Ohfervations and Omlufion. 

Where the propofcd length of Navigation is very confiderablc, it be- 
comes a great objcft that the cargoes fhould be larger than the fmall 
fyftem admits of, becaufc, many of thofc cargoes concentered in one, will 
require lefe aid of men and horfes, consequently be conveyed cheaper ♦, 
and in general fafer ; alfo, the greater detention from lading and deliver- 
ingj larger velTels diminifhes as to its efit& proportionately with increafe of 
diftance. 

The Lock Navigations admit of the largeft vcffds, and next to them, 
the plans of Mr. Wcldon and Mr. Rowland, and that fuggefted in a pre- 
ceding Chapter : which latter being lefs limited by phyfical caufcs, is ap- 
plicable to greater heights with lefs proportionate increafe of expencc: 
and to a greater extent of fall than cither of the others can be eligi- 
ble : after thefc, follows Mr. Reynold's invention of Locks at the 
head of Inclined Planes, which, combined with the eight-wheeled f car- 
riages defcribed, or with the frame and rollers palling under, and con- 
nefted with it, as fuggefted by Mr. Fulton, will be applicable to decked 

^ Wherever the difference of expence of the two Canals enables a redudtion of toll, 
equivalent to the increafed charge of conveyance, that advantage ceafes, except as to 
light or valuable articles, which never can be fo perfedUy fecured, as nnder a deck and 
latches. 

f Thefe carriages are adapted to an Inclined Plane of greater declivity than at its head 
m feot; bot^f the declxvxty be unifbrm, fo as tofiut a carriage with rollers, it will alfo 
' be Aiitftblc to a carriage with any niunber of wheels oi^ each fide ; ukisg care only, that 
the tread of the wheels form a right line, and that there be means of adjvfiiAg them* 
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boats of T 5 or 20 tons, or perhaps more. The next in rotation *, as to 
magnitude of cargo, is the inclined plane and carriage fyftem for fmaller or 
Ihorter boats paffing over the ridge at the end of the upper Canal, which 
is chiefly calculated for coals and minerals, and will, probably, admit of 
improvement, by making the dcfcending and afcending way continuous, 
like Mr. Fulton's ; and having a Lock at the head of the defcending way, 
long enough to contain a feparatc carriage for 3 or 4 boats, (or fo many 
as form what has been called a conjoined boat). Thofe boats on defcend- 
ing, would draw another gang lights or half load upwards^ over the 
top of the ridge, no Lock being requifite on that fide. The chief ot- 
jedlions to this, lie in the vaft weight of a gang of boats, which, in a 
fteep angle of defcent, would require a very heavy rope, and in the diffi- 
culty of returning the carriages to their proper place. The latter may be 
got over by keeping the two ways at a little diftance, and joining them 
above and below by a fimicircular railway for the carriages (coupled f 
to each other) to run along under-water, after they have parted with their 
veflcls. 

Both in this, and the method lafl: defcribed, the water contained in the 
XiOck may be drawn ofF into a refervoir, at the head of the inclined plane : 
in this refervoir, or a pond communicating with it, may be fixed a broad 
under-fliot water-wheel between the two railways, to retard the motion 
of the defcending boats^ and to throw baclc the water. 

This wheel may run in a clofe cafe, and be divided round its periphery 
by diff^crcnt fliroud boards, forming fd many wheels, fo that one or more 
portions of its width may be employed, at die fame time, in throwing up 
water according to the neceffity of the cafe, to be determined by the velo- 

« la this^ I alfo include the methods of boats alternately lowering and hoiiting each other 
tip and down pits. 

^ In fuch a way at to fuit the different boats that arc to reft upon them ; and yet admit 
•of the neceflary extenfion when the boats came over the concave part of the Inclined Plane> 
.which may be effc&ed by a worm«fpring« 
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City of the defccnding boats, which, by means of a centrifugal regulator *> 
will open one or more of the penftocks to let the water below the wheel, or 
(hut them all,* as occafion may require. The refervoir under the wheel 
fliould, of courfe, never be exhaufted ; but when drawn down to a certain 
extent, ftiould, by a floating weight, or any other method, let in water 
from the head Canal. ^ Thefe means will anfwer for a defcending trade, 
and, if the afcending trade be more than the other can draw up, and water 
be deficient, recourfe may be had to a fteam engine. 

As boats on the abnegated plan may be 7 or 8 feet wide, they will an- 
fwer tolerably well for light goods, and, as one gang, or combination f pf 
conjoined boats, may be conftantly under the (amc charge, no objedion 
*can 'arife from change of refponfibility, particularly, as theie boats arc 
not fo fmall but they may fafely navigate larger Canals, and without incon- 
venience, when the conjoined or feparate boats are proportioned 'm length 
and width to fuit the Locks. 

Wheel-boats of 4 feet width, may anfwer well in proper countries for 
lead, iron-ore, flates, limellonej &c. s and if found to (train ^c 16 feet 
length, three of which I have propofed to form one conjoined boat, car- 
rying 9 tons ; they may be reduced fo» as to carry the feme quantity in 
four, and be connefted as one boat: they will alfo, in certain inilances, 
anfwer in collieries. 

^ A contrivance fuffidently known, confuting of a vertical axis (having near the head of 
it a collar connedled ivith a lever) crofTed diagonally with two bars of iron, moving on a 
pin, which p&iTes at right angles through the vertical axis ; on the lower end of each of thcfti 
diagonal l)ars is an iron ball. Thefe balls flying off on their receiving fiifficient centri* 
fogal tendency to overcome thdir gravitating force^ prodQce the defigncd operation, hf 
drawing down the lever ; which is done by joints of the iame length of the parts of th# 
diagonal bars above th^. interfe^iion, and joined both to the head of them and to the col* 
lar. Thefe joints, and the upper part of the diagonal bars form the appearance of a lo- 
zenge/ This apparatus is frequently ufed to regulate the modon of Boolton and Watt'« 
fteam*engine> and is called a governor, 

t Viz. two pr four conjoined boats> according to circumftances. 

N In 



( 98 ) 

In addititm to the methods mentioned, there is another which befongsi* 
more to great divcrfity of magnitude of Canal, than to overcoming afccnt 
and defcent. This is the quick tranfition of articles from one boat to 
another, by means of having the cargo in the greater boats, either put ori- 
gi/\ally, or difcharged into cafes fuited to the form of the fmaller ones : 
iconfcquently, eafily transferred to the latter, and as eafily taken out from 
thcnii This has been elucidated in the fifth Chapter, fo far as it is appli- 
cable to afcent and defcent. 

In the (fifcuffion of every fuBjeft where a diverfity of opinion prevails, ir 
» r^quifite that die writer ftiould be free from prejudice : Engineers have 
in general been charged with^ being iaimical to the introduftion of the fyff 
tcJtn of navigation fo warmly recommended by Mr. Leach, Dr. Anderfon, 
and Mr. Fulton j which, if eligible to the extent afferted by jfhofe Gentle- 
men, would have thrown deferved cenfure on all wh,o have been concerned 
in. the chief dtrcftionoC public works :. I (hall, therefoce, in an Appendix> 
flicw by Extradts from fbme of fuch of my Reports on projefted Naviga- 
tions as have been printed, than I hav-c been no way hoftile to the leading 
principles of their plans> and confeqiiently, poffefs fufficient impartiality, to 
be^ guided by no other objedt than the in vcftigatioa of truth. 

The general concltifion from the whole that I have faid, is, that the 
fyftem of narrow Canals is ufcful in various inftances,. particularly for mi- 
nerals and all heavy articles not liable to damage from water, and much 
cheaper in particular fituations, where the declivity of the country runs re- 
gularly tianfverfe to the general line of the navigation^ and the ^Is arc 
great i but^ that for general purpofes, and with die ufual circumltances 
through which, lines of Navigation run, the diffiu-ence of expence between, 
the two fyftems is leis than might be imagined, and frequently more (hanu 
counterbalanced by the difierence of conveniences : alfo, that Mh Fulton's, 
boats are too narrow> even for the carriage of coals in bdlk^ to the quan- 
tity they ought to carry, and draw too much water to produce the faving^^ 
of occupation bridges : and that with the increafe of width and other a1ter« 
ations recommended to fave occupation bridges, and to prevent the boats. 
iirom overturning) they would ftill require, compared, with other, boats, a 
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^greater pow^r of horfes to move any given tonnage with fpced, fufficient 
€0 keep them from driving albore with a fide wind : — that they would 
not carry any due proportion of light or bulky articles :— and that any 
thing liable to be pilfered or damaged by water, would not be conveyed 
with equal fafety : that the boats when travelling far upon land, as fome- 
times would be requifite with coals, lime, &c. would be liable to become 
very leaky : and that, in thefe inftances, it would be better to convey 
thoie articles in waggons to be carried in boats for the purpofe ; and to 
fubftitute, in place of the narrow Canal, a fhallow one a litde broader :-— 
that Mr. Fulton's boats of 20 feet length, refting only on two tranfverfe * 
axes, would be liable to ftrain and become leaky, in the pafTage up and 
down the inclined planes : — that this circumftance only admits of femedy 
from another inconvenience ; that of being much fhorter, and the more of 
them requifite to be coupled together to carry any given tonnage : — that, 
therefore, it will frequently be better to lay afide the advantage of wheels 
affixed to the boats, and to follow the Dungannon and Coalbrook Dale 
fyftem of floating the veflels over ftrongly framed carriages, on which 
they will reft even and free from ftnuns, and may, by the means defdibed, 
be of much greater dimenfions than any that are now ufed on inclined 
planes :-— that great Canals with Locks, and fmall Canals with inclined 
planes may be made, wherever requifite from fcarcity of water ojf other 
. caufes, to coincide with each other, provided the great Canals be laid out 
in as long levels, and as great intermediate defcents as conveniently pradi* 
cable, occupying as fliort a fpace as may be by the Locks; and over* 
lapping the levels, fo as to join each other in fteep places by inclined 
planes. 

In fine. Canals have been, tnd muft ftill continue to be, of dimenfions 
varied iccording to the form and fpecies of the boats defigned to navi- 
gatte them: which (hould differ, lb as to coincide with the circumftances of 
the country pafled through s the nature of its commerce and produfts s 
and the Canals, and Rivers, or Lakes, that muft eventually be navigated 
by the fame veflels. Thus no general fyftem can be adopted, and nothing 
extenfive can be determined on with propriety, without the aid of great ex- 
perience and abilides. 

N 2 APPEN- 
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ExtraSls from ^^ A Report on the Improvement of the Harbour of Ark^ 
" low^ and the PraSlicability of a Navigation from thence^ by the' 
1* Vnks of the variom Branches of the Qsooca^ 

Dublin^. 1792-- 



X SHALL now proceed to the Interior Navigation! which, on account of 
the declivity of the ground through which the Canal nuift pafs, and alfo the 
rapid afcent. which has to be furmountcd to go even a moderate diftancc 
into the country, does not favourably admit of being entirely carried on by. 
the ufual nrieans. 

The ftcep fece of thie hills the Canal Was to run along, will^ neceflarily, ^ 
confine its width, and produce a fimilar effeft on the width and depth of' 
the boats^ which wiU, likewiie, in a certain degree^ be limited ialengpcb • 
bjr the neceflity of quick curves round the points of the hills. 

Their dimcnfions I recommend to be 7 feet width on the gunwale, 5 feet ' 
at tht bottom, 3 feet 6 depth, and 40 feet extreme length: if properly 
built, they will carry upwards of 8 tons each, at 2 feet draught of water, . 
and about x x tons at 2 feet 6, 



( Ipa ) 

The fizc of Canal' fuitablc to them, (hould be 18 feet on the water line 
where the banks are deep, and m favourable ground 21 ket, to admit two 
laden boats to pafs s wherever not fo* for any con(iderable extent^ it mud, at 
convenient diftances, be made that width for the length of a couple of boats* 
Where 21 feet wide, 3. feet 6 inches depth of water will be fufficient ; and 
where narrx^wer it (hould be deeper; for, wherever the fefbion of the Canal 
approaches nearly fo low as only 3 to i of that of the boat, confiderable 
inconveniencies arife both from the increafed refiftance of the boat> and the 
damage to the banks from the counter current to fill up the (pace the boat 
leaves in her rear* 

Li the proportion mentioned of j to 1, the increafed refiftance to* any 
ufual rate of going, will be nearly 2 i * dmes what it would be in open 
•wateri as the boat muft move 3 foct through the water for every a along 
the Canal bank, and the countei' current along the banks will run with half 
the rapidity the boat goes along the land ; from which may be conceived 
the tendency of narrow Canals to fill up by the wafliing in of their banks^ 
and that the tracking againft a moderate current in an open river, requires 
lefs force than the moving in fiich a Canal, befides poiTcfTing the advantage 
of fevouring the boats in going downward. Thefe circumftances I chiefly 
mention, becaufe the Navigation I fliall recommendj will be a confiderable 
diftance in the river. 

Thofe acquainted with the County of Wicklow, may reafonably obje A 
to the praAicability of extending the Navigation &r into the country, on 
account of the vaft afcent, which would be too expenfive to be overcome 
totally by Locks ; but on reflefting that the fteep and winding fkct of the 
hills neceflarily confine to the ufe of fmall boats, and that there are fitua* 
tions for afcending at once 70 or 80 feet, or whatever heights may be ne* 
ceflary to penetrate into the country, the difficulty will vanifii ; and it will 
be founds lihat the means of effefbing this work will be fcarcely half as ex- 

^ Not uniformly lb, bcouife at a diiUnce hom the cztreoutict of any level, the water in 
front will partly recede without rifing to iu full oppofiuoa ; and that in the rear, partly 
come in to fill up the vacoity left by the boat, 
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penfive as die ufual methods of penetrating; fo far» and alcending^ iuch« 
height^ in countries favourable for the common ftyle of Navigation. 

Part of the plan propofed is only: applicable to mountainous countriest 
which. enjoy this peculiar advantage^ th^t if the rife of level be made on a- 
point dividing two rivers^ rfie afcent enables both valleys to be navigated^ 
This mode of Navigation- has its limits in f>oint of eligibility ; andi in g?*- 
aeral^ where extenfii^^ muft be a mixed one. 



ExtraBsfrom a Report on the Meafures to be attended to^ in the Survey 
of as Line of Navigation^, frorn^ Newcajlle^upon-Tyne to- tbelrijB^ 
Channel. 

NewcaftUy 1795. 

TO make a Branch Canals to and through the mining country^ of fimi^ 
lar magnitude with that propofed from (ea to fea^ would be extremely ex<i- 
penfive as well as unneceflary. 

On the faceof a mountainousr country, where there are fudden bends and 
little foil,, boats, from the firft caufe, ought not to be long ; and, from the 
thinnefs of foil and declivity of the ground, the Canal would be cxpenfive 
to be cither wide or deep- Btidgcs' would alfo be coftly, not only from the 
cxpence of their eredion, but the difficulty of filling their approaches on- » 

the downward 'fide; I therefore recommend a Ganal of only 3 feet 6 
inches depth, and at every high and bye road, that there be a paved ford 
of 2 feet 9 inches depth, the downward fide of the ford to be an overflow, 
to that the water can never rife materially higher, and horfes and carriages 
may at all times fafely pais. The width and length of boats on this 
Navigation, L would advife to be half of what they will be on the main ^ 

Ganal; fo that, if found more eligible than re -ftipping their cargoes into ^ 

the large boats, four, of the ftnall ones may proceed together, and pafs 
through the Locks with the leaft wafte of water that the feparate plans will 
admit of. Thcfe boats^ fliould be of the conftruAion of the Birmingham 

trows 



trows (upright fidcd and flat-bottomed), and when light, (Kould only draw 
6 inches water 5 — they will then, at 3 2 feet length and 6 feet width ♦, . 
carry, according to the form of their ends, from 8 to 10 tons each, when 
laden to 2 feet 6 inches: — four of them, which may be navigated with one 
horfe and four boys f, will, ^t the Icfler quantity, carry 32 tons. Thefe 
boats Ihould be connefted together in pairs, each hind one, as in the Lin- 
colnfhirc Navigation, afting as a rudder to the fore one, in each of which, 
from a fmall maft a light track-line may go to the fwingle-tree of the 
horfe. 

In defcending from the line running through the lead country, which 
probably may be confiderably higher than the branch from the fummit of 
the main Canal, various meafures may be adopted, either pafling the boats 
down inclined planes, as at Coalbrook Dale, or perpendicularly J, if the 
advantage of a precipice can be obtained, in each cafe a defcending boat 
drawing up an afcending one, or by fimple means of difcharging the car- 
goes of the boats of one level into thofe of another. 

But if water be to be had, Locks of a rude and ealy conftrudion may, 
in that country, be executed at nearly as little expence as the inclined 
planes and requifite machinery, and not fo liable to accidents and mifma* 
nagemcnt from unflcilful men. 

So far as relates to the fmaiU boats propofed to go in fleets of four to- 
gether, they will jointly confume the fame quantity of water in pafling fc- 
parately through one of their own fingle Locks, as they will by pafling col- 
leftcd through one of the large ones on the main trunk. 

* H the declivity of the ground ihould limit the main Canal to boats of 1 2 feet width. 

f A driver^ two ileerers, and one to manage the flop-ropes in going into a Lock. 

X Similar in the leading features to the plan ingenionfly fuggefted by Dr. James Ander- 
fon, in one of his late Publications. 
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